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·CHAPTER I
HISTORICAL

AND

THl!DRETICAL BACKGROUND

A o The Properties of Liquid Amm onia
The properties of liquid ammonia are similar in many ways to
those of water .

Liquid ammonia has the very high specific heat of 1 . 10

calories per gramo 1 Hydrogen bonding occurs to a considerable degree
Evidence of leydrogen bonding

although not as extensively as in water.

as ref'lected in boiling points is shown in Table I

o

The dielectric

constant is 22 at -33° which is also very high for a solvent which is
comparatively inert to reactive metals .
stant of 1.87 . )

(Hexane has a dielectric con

Liquid ammonia is a much better solvent for organic

compounds than is water.

Even such large molecul es as steroids can be

put into solution in ammonia by using a co-solvent such as diethyl
ether.

Liquid ammonia's major disadvantage as a solvent is its low

boiling point , -33.4° .

many

However, for

purposes it can be used at

room temperature without special e�uipment (other than a good hood)
since it evaporates slowly due to its high heat of vaporization , 327
cal.ories per gram o l
An

acid-base system for ammonia2 can be envisioned analogous to

the acid-base system for water, !. .!
.

2NH 3 �NH4+
Acid

•

+

z

NH 2

-

Base

2

TABLE I
EVIDENCE FOR HYDROGEN BONDING OF AMMONIA

Compound

Molecular
Weight

Boiling
Point

CH4

16

-150°

NH3

17

- 33°

H20

18

100°

3
2H20 �H3 +0

+

Olr

Base

Acid

This autoionization of ammonia into annnonium ions and amide ions must
occur to a ver,y limited degree, however, since the pKa of ammonia is
2
34 . Ammonium salts and all compounds having pKa values smaller than
34 will behave as acids in ammonia. Alcohols such as tert-amyl alcohol
{pKa 19) and ethyl alcohol (pKa 18) are use.t'ol acids in the ammonia
system. The metal amides, such as sodium amide and potassium amide,
are strong bases .

The most unique and usefUl property of liquid ammonia as a reaction medium is its ability to dissolve the
metals.

alkali

and alkaline earth

Reactions between organic compounds and these metals may be

carried out in a homogeneous medium.
in ammonia are quite stable

in

Solutions of sodium and lithium

the absence of a catalyst and have been

kept for months, after wbich evaporation of the ammonia left these metals
unchanged. The more active metals, cesium and rubidium, react more
rapidly. Transition element metals such as iron and nickel will catalyze
3
the following reaction between alkali metal and ammonia.
Na + NH3 Fe ) NaNH2 + 1/2 H2
All

dilute solutions of alkali metals in liquid ammonia have the

same characteristic deep blue color. It is believed that these solutiona consist of solvated metal cations and electron anions in equilibrium

1d.th

the metal.
M

+

x (NH3 ) � Jl+(NH3 ) a

(a

+

b

=

x)

+

e- (NH3 ) b

4
Since the spectra of all alkali metal-in-ammonia solutions are practi
cally identical, the blue color is attributed to the solvated electrons .

4

Although the simple solvated electron concept does not explain all
features of the metal-in-ammonia system, there is a large amount of experilnental evidence in support of it.

When an electrical curr ent is

passed through a metal-in-ammonia solution, the blue color migrates
toward the anode . 4 Also transference measurements show that in dilute
solutions the negative particle in the solution carries seven times as
much curr ent as the positive particle (metallic ion) .

Finally, solu

tions of metals have lower densities than solutions of salts or liquid
ammonia itself.

This increase in volume of the solution is attributed

to the considerable volume of the envelope of ammonia molecules associ
ated with the electron. 5
Whatever its exact nature, a "solution of electrons" is chemically
unique.

Much remains to be learned of the chemical reactions effected

by such solutions .

B.

The Reduction of Carbon-Carbon Unsaturation by the Alkali MetalAlcohol-Ammonia System
The literature to 1950 on the reactions of organic compounds with

the alkali metals in liquid amm onia is covered in an excellent review
by Watt . 6 Here we will be concerned only with the reduction of carboncarbon un saturation by alkali metal-alcohol-ammonia systems .

In effect

these �stems yield hydrogen which causes the reduction of a variety of
organic compounds .

In general:

X

M

+

X

ROH
(Z

+
=

ROM + ZHx
organic compound)
z --7 X

Specific reductions effect�d are illustrated b,y the

ples

exam

in Table II . The examples given are predominately from the recent
literature but no attempt has been made at an exhaustive

y.

surve

It can be seen that this method is suf'ficiently powerful. to re
duce an aromatic ring and speoific enough to add only two hydrogen atoms .
In

many

cases the initial product is a 1,4-dibydro-derivative Which is

not further hydrogenated because unconjugated unsaturation is not re
duced by the metal-alcohol-ammonia system. However, if' an initial 1,4dihydro-derivative is isomerized to the 1,2-dihydro-derivative, as in
equations l and 2 , then further reduction can take place . 35 Such a
reaction sequence, reduction-isomerization-reduction, has proved usef'ul. in

organic synthesis .

0
00
C.

Base
A

Base

)
�

0
00
I

)

�

0
0)

(1)
(2)

The Theory of' Reductions by Dissolving Metals and by the
Metal-Alcohol-Auononia System

The chemical reduction of carbon-carbon unsaturation by dissolv
36 For
.ing metals* has been studied by a large number of' investigators .
reductions by these reagents to take place it is usua.ll.y necessary for
�es of' dis solv:i.ng metal reactions are the reduction of' a
by tin and hydrochloric acid and the Bouveault-Blanc ester
reduction.

Ditro-group

6
TABLE II
REDUCTIONS
Startimg

BY THE

ALKALI METAL-ALCOHOL-AMMONIA

Material

Product

0

0

CORHJ)"
O
00

J
. og:m'
.0{]
&)0

�H)O

ROR3J
C
.O
(X)
J
CJI2CI
O I
OH
6CH2CHJ
O .)

OR�o)
oJ
CH�oJ

Yield

SYSTEM

Alkali
Ketal

Reference

83%
6o�7o%
So%

Na
Na
Na

7
8
9

69%

Na

9

65%

Na

10

85%

Na

11

91%

Na

11

78%

Na

12

85%

Na

12
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TABLE II
REDUCTIONS

BY THE

ALKALI METAL�OHOL-AMWNIA SYSTEM (Continued)

Starting

Material

CH.)O

Oo

CHJ
B2B(CBJ)2 CBJO

CH�
CHP(X)
OCR)

0

OCH)

00
Oil

co
�

OH

CD

Yield

Product

CHJO
CHJO

()1:3
o-o
O)
I I

63

co

Aikili

Ketal

Reference

�

Ia

l3

3S%
88%

Na
L1

lS
lS

9o%
90%

Na
Li

lS
lS

89%

Li

lS

8 3 -93%

Li

lS

6S-8S%

Na

29

19%

K

30

B21(CBJ)2

OH

co
OH

co

8
TABLE II

REDUCTIONS

BY

THE

Starting
Material

ALKALI

:METAL-ALCOHOL-AMMONIA SYSTEM (Continued)

Yield

Product

v

Oo

Co

�
..&

CO
co
O-

ORJO

..&

cu3

�
00
..,.

..&

-oo

00

Na

23

Na

24

S7%

Na

2S

80%
91%

Na
Na

26
29

Na

ss

66%

Na

27

91%

Na

28

8S%

Oeu

3

O

C1i20R3
SH

00
N

Reference

23

0::::0
CHJO

Jletal

Ha

36%

0

Al.ka1.1

TABLE II

REDUCTIONS

BY

THE ALKALI METAL-.ALCOHOL-AMMONIA. SYSTEM {Continued)

Starting
llaterial

Yield

AlkslJ�
Metal

66%

Na

29

Na

31

K

32

Na

33

Na

2S

70%.

Na

22

��

Na

J.8

Product
COOH

COOH

co

co
�

NH2

NH2

0

0

N(OHJ) 2

N(CBJ) 2

ccs

co
h

OH

0

m

CHjl

CH

h

..&

COo

CDou

ro
�

(X)

Co

Cb

CHjl

80%

-CH3

CH)

Deference
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TABLE II
REDUCTIONS

BY' THE

Start!iii

ALKALI METAL-ALCOHOL-AMMONIA SYSTEM (Continued)

3
ce'� Hmx'
Material

Product

..&

llki11

Metal

Reference

3S%

Li

76

62 %

Li

16

90%

Li

14

7 8%

K

19

Yield

0

H3

11

the unsaturation to be conjugated . 37*

In most of these reductions the

position of hydro gen addition is that which would be expected for an
attack by a nucleophilic reagent. **
The oldest theory of reduction is that of Baeyezo40 who believed
that the dissolving metal reacted with the solvent to produce atomic
hydrogen and that this "nascent" hydro gen then reduced the organic com
pound more rapidly than it could combine with itself to form molecular
hydrogen. Modern proponents of this theory define nascent hydro gen
merely as hydrogen which does not have the properties which molecular
hydrogen has under the same experimental. conditiona . 6 According to
this theory the nascent hydro gen interacts in some unkno wn manner with
the solvent which then has a direct role in the reduction. ***
The nascent hydro gen theory is no longer widely accepted although
43
some modern authors still use it .
It was firs·t; rejected by Willstatter,
Seitz and B umm41 who found that the heterogeneous reduction of stilbene
by sodilllll amalgam was 90 per cent efficient based on the amount of sodium
amal.gam used, ! !. , only 10 per cent of molecular hydrogen was formed.
.

•

They considered this yield to be impossibly high

if

hydrogen atoms were

the actual. reducing agents . They also demonstrated that the ability of
*Recently it has been shown that 1-hexene, but not 2-hexene, can
be reduced to hexane by sodium and alcohol in liquid ammonia. 38
**one exception is the reduction of 2-naphthol (reaction with
molten sodilllll amide gives 2-hydroxy-5-aminonaphthalene) to give 2tetralone . 39
***one principal objection to nascent hydrogen mechanisms is the
lack of definition given to the chemical moieties used in such mechanisms.

12
sodilDil amalgams of varying strengths to reduoe double bonds and to lib
erate hydrogen from water were not always parallel. This led

Willstatter

to propose a mechanism in which metallic sodium was added to the double
bond and subsequently replaced through solvent hydrolysis.

Supporting

this theory at the time was the fact that only those compounds 'Which
form organo-sodium compounds in inert; solvents had been reduced by dis
solving metals . 42
There are some objections to Willstatter' s theory, as origi.�
proposed. One objection, first expressed by RUckel,!) was to the neces
sity of the establishment of a carbon metal bond. BUckel has pointed
out that in the reduction of naphthalene to 1,4-d:ihydronaphthalene bY'
calcium, the calcium ion is not large enough to be attached to both the
1 and the 4 carbon atoms at the same time. 44 Thus BUckel believed :that
a salt or ionic type bond was formed between the metal and the organic
compound as an intermediate in the reduction.*
Prins45 and Zieglezo46 have presented similar experimental evidence
against the nascent hydrogen theory . Unfortunately both men

m

rked,

as

did all early wrkers, with heterogeneous reaction media. Prins found
that aqueous hydroch1oric acid reacted more rapidly with strips of iron
and magne sium in the presence of nitrobenzene than it did in

its

ab-

*Htickel found that stable organo-sodium. compounds of naphthalene
can be formed in liquid ammonia by working at low temperatures. Such
intermediates reacted irreversibly with hydrogen ions f'urni sp�d by any
compound present which was a stronger acid than the produot.44
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sence.

Ziegler measured the rate of the follow.i.ng two reactions. Each

was

in an inert solvent w.i.th the sodium being present in the form

run

:)o.CH2 2 2 OJ :)CHCH3 2 0::2
0::).+ -�)·OJ 1/2 H2

of a fine sand. 'The first reaction is much faster than the second.
+

Na

)

+

+

+

Na

Na

This second reaction then is not a likely step in the .first.
However, the nascent hydrogen theory c annot be discarded completely since JD8JlY' alternate mechanisms can be proposed, !· !.·:

+

+

Na

2

..

+

·

Solvent

Solvent

•

�

UO --�)

t
�
l

+

Solvent •

+

2

a

�
�/CHCH
3

...o
n·

Solvent

It can be argued that the first reaction consists of a rapidly estab
lished equilibrillDl which lies far to the left. In the absence pf

8IJY

compound accept� 119.scent hydrogen, a fast reaction, the nascent hydro- .
gen slowly combines to form molecular hydrogen.

A1though

this mechanism

does not �ppear likely and does not explain the predominately nucleophilic position of attack by the hydrogen, there is
completely exclude it

• .

as

yet no wq to

.

Michaelis and Schubert47 have proposed that reduction by dissolving metals consists of the consecutive addition of two electrons, fol
lowed by two protons . This view has been most fully developed by Birch
to explain reduction by the alkali metal-alcohol-ammonia system. Birch.
has postulated that such reactions proceed by the addition

of

two elec

trons to form a dicarbanion intermediate which ·is stabililized through

solvolysis by the

ammo

ni a. Birch believes and emphasizes that ammonia

owes its superiority over hydrocarbon solvents in reductions to its
solvolytic properties and high dielectric strength, both of Which stabi
lize ionic intermediates . 48
The reaction scheme, Chart One, proposed by Birch49 shows the
possible intermediates in the reduction of benzene. The reduction

will

be represented here in terms of carbanions rather than of non-ionized
salts which

may

be in equilibrium with them.
CHART ONE

0+

e-

I

The principal products are determined by irreversible proton
addition to the positiona of highest charge density in the ionic inter
mediates .

(For reversible additiona the products would be determined

by considerations of equilibrium, i. e . , the relative free energies of
the products . ) Further, products can be determined by the rates of
secondary reactions such as dimerization.
to

The existence of the carbanion-radical, II, is based on analogy
such compounds as ketyls5o and semiquinones.51 For example, the

follow.i.ng reactions seem well established for a ketyl ( III)

• .

15

ONa
-�C-¢ Na �nJ.-fl

¢

+

� 'P

0

III
��

¢ -!(� N
¢-�-oNa

a
The existence of radicals or carbanion-radicals carmot be based on the
fact that dimers are formed. Di.mers could arise by a purely ionic
mechanism, 46
e 0 e�
A 2eF\e� o-o
�
I
Q
Since extensive dimerization does not occur in the presence of
alcohol, the previous mechanism for the reduction of benzene be
simplified that shown in Chart
CHART
0
0e6
0
H
-�
�
�
-e
0
0
0
The essential step in the reaction49 is the addition of one electron to
give a carbanion-radical or of electrons to give a dicarbanion.
Polarographic data49 indicates that the rate determining step is the
rever�ible addition of the first electron.
The equilibrium, the first phase of the above mechanism, is far
the left because of the high reso e energy of the benzene ring
the high charge interaction in the dicarbanion. equilibrium lies
-o

!.· .!•,

>

I

-�>

f=\

}!+

_

_

•

will

Two .

to

1WO

.

a

0

}I+

e

0

0

two

to

and

nanc

The
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farther the right where the resonance possibilities for the carbanion
are greater, as in addition of electrons naphthalene derivatives, or
there are electronegative atoms to accept the electrons, as in addition
of electrons to ethyl benzoate.52 In such cases reduction occurs with
greater facility.
The second phase of the mechanism is the irreversible addition of
protons to carbanions forcing the reaction to completion.
In support of the ionic mechanism of reduction, Birch52 states,
without experimental evidence, that the reaction of sodium in ammonia
with alcohol is slow whil.e the reaction of carbanions with protons pro
ceeds rapidly. This makes it unlikely that atomic hydrogen or metal
hydrides could intervene in the reduction.
One of intermediates in the benzene reduction, the carbanion
of 1, 4-dihydrobenzene, 12 is also intermediate in the isomerization
of 1,4-dibydrobenzene to 1,2-dihydrobenzene. Since the position of equi0
0
librium in this isomer!zation lies almost complete:cy to the right, the
conjugated isomer, 1, 2-dihydrobenzene, must be the more stable isomer,
i. e., have the lower free energy. The simultaneous addition of both
protons to the dicarbanion seems unlikely so we must explain the
more stable isomer is not3obtained as a primar,r reaction product.
Qllantum mechanics5 show that in the carbanion,
�H2 OH---:CH
:.=.:.=OH�
the charge density is highest on the middle carbon atom as in
OH OH--OH OH2·
to

to

the

an

now

..=..=..= CH

::.::..=.:

0�

--

e

e ,

=

why
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By

analogy the carbanion, IV, has its charge concentrated as in reso-

nance £orm V, and irreversible proton addition would logically produce

Q

[Qr

·V·

IV

H+ �

Q
VI

primarily the unconjugated derivative {VI).
Birch-'4 has demonstrated the logic o£ this, another o£ the

many

reactions in which the products are kinetically controlled, by iiiVesti
gating the equilibrium in Chart Three . By using a catalytic amount of
CHART

THREE

potassium amide in NH3 the unconjugated isomer (VII) could be converted
into the· conjugated isomer (VIII)

•

Here the proton addition is reverai-

ble because both ammonia and dib:ydroanisole have about the same. acid
strength.

Since the conjugated isomer has the lower free energy it is

the major product in this equilibrium.
When either the conjugated or the unconjugated isomer was treated
with a two or three mole excess of potassium amide it was converted
almost entirely into the potassium salt. When a large

amount

of a strong

acid {ammonium chloride or water) was added quickly to this sal.t irrevers
ible proton addition occurred and the chief product was the unconjugated

18
or energy isomer.*
consideration which Birch has given to these reductions
in nia is a rule for predicting the positions of the entering hy
drogen atoms. From correlation of experimental data, Birch states49
that the rule of addition of hydrogen atoms to a benzene ring is as
followsz the atoms are added in positions 1,4 to each other, avoiding
carbon atoms carrying electron-repelling groups in the order N(CHJ)2)
OCH3) alkyl, being attracted to carboxyl groups.
The rationale employed by Birch49 explain this rule be
illustrated with anisole.
There are three 1 low-energy'' resonance forms for dicarbanion
intermediate from this benzene derivative where the electrons distinguished0
by the numbers ()2. Birch assumes that
e�ch
charge
is
OCH3
3
�
1
2
high

A final

ammo

and

may

to

a

are

1 and

a

2e

<

)

<

9 1

>1a

Ve

"dispersed among alternate carbon atoms, one charge to each set of three
carbons. 1 The 1, 3,5-oharge, electron 2, raises the energy of the system
OJ Electron 2
Electron
03
more the 2,4,6-charge, electron because of the electron re
pelling power of methoxyl group. Therefore the 1, 3,5-charge should
phenomenon
is notesterunusual.
Careful.acidification
of
*This
sodium
salt
of
acetoacetic
at
affords
the
pure
enol
form.�6
Yetthe theone keto
form isabove.more stable and this system is more labile than
mentioned
1

I

1,

than

the

-70°

th§
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react first and its point of greatest electron density will be at the
The second hydrogen ion will then add para the
3first positions.
give the product.
and 5

3

to

0
.0

to

e

)

Statement of the Probl.em
Two general reaction mechanisms have been suggested for the re
duction of carbon-carbon unsaturation by alkali metal-alcohol-ammonia
systems; these be designated as the 1 nasc:ent hydrogen11 mechanism
and the 1 ionic11 mechanism. The detailed mechanisms merely
elaborations or variations of these two. Simplified representations
of both mechanisms are given in Four, where represents an
alkali metal, an alcohol, and benzene a typical organic substrate
undergoing reduction.
"Nascent hydrogen11 mechanism
D.

will

many

are

M

Chart

ROH

CHARI' FOUR

2M

+ 2HOR � 2ut 2RO0+ 2�-----? 0
+

ttionic11 mechanism

+

2�
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The purpose of this work has been to find experimental evidence
which will choosing between the tvro modes of hydrogen addition.
To accomplish this, the reactions of metal in anunonia w.i.th al
cohols, with organic substrates and alcohol, and with organic substrates
alone have been carried out w.i.th careful control of reaction variables.
Observations have been made on the effects of some of these variables
on the course of the reactions on the time required for the reac
tions.
While prosecuting this main problem, it has been necessary
solve several secondar,y problems connected with the synthesis proof
of structure of certain intermediates. In the discussion which follows
the synthetic work is presented first.
aid in

alkali

and

to

and

CHAPTER II

�RESENTATION
A.

AND

DISCUSSION OF RESULTS

Reduction ot 1-Naphthol and Isomerization ot the Product
The first types ot compound considered tor use as substrates

the

reduction

in

study were 1-substituted-naphthalenes . The reduction ot

1-naphthol (I) ,* as the 1-naphthoxide ion9 to 5518-dihydro-1-naphthol
( II) by sodium in al.cohol57 and by sodium and alcohol in liquid ammo
nia29 has. been reported. The metal-alcohoi-ammonia system employed
in this study was found to give an

d.ihydroderivative

tram

almost

quantitative yield ot the

1-naphthol. However» replacement ot the

hy

droxyl group by other substituents lowers the yield o£ the 5,8-d:f.bydro
naphthalene derivative and gives rise to complicating side reaotions . 32
In some instances the isolated double bond iD1tial.ly formed i s labile
under the reaction conditiona and shifts into the conjugated position.
When this occurs the conjugated double bond is reduced more rapi�
than the naphthalene ring and the only easily isolable reduction prod
uct is a tetralin. **
Since the d:l.bydronaphthalenes with a conjugated double bond
appeared to be rapidly and completely reduced at this double bond by
the metal-in-ammonia systems, emphasis was shifted
*The

Roman

to

the dihydro-

numerals begin anew in this chapter.

�ughout this thesis the terms 1,2, 3, 4-tetrahydronaphthalane
and oxy-112, 3, 4-tetrahydronaphthalene will be replaced by the shorter
tams tetral.in and tetrSJ.one respectively.

22
In

naphthalenes in a search for suitable substrates.

Bmre

1921

and

Levin57 had isomerized 1-b.ydro:x:y-5,8-dibydronaphthalene (II) to a

con

jugated isomer,. either l-hydro:x:y�6-dihydronaphthalene (IV) or 1hydroxy-7 ,8-d:i.bydronaphthalene (V), Chart Four.? but had not differentiated
between the two possibilities.

The isomerized oompo1llld,
CHART

OH

00

)

Di:metbyll

l

6o
v

Sulfate

l

OCH3

OCH3

d)

(0

+

TI'

II

-oEt

III

)

or V, and ita

FOUR

OH

-QEt

IV

OOH3

(0

00

+

VII

VI

methyl ether, 1-metho:x:y-5,6-dihydronaphthalene (VI) or 1-methoxy-7 ,8- ..-.
dihydronaphthalene (VII) were both :r-educed

t-o the

c.orr.esponding tetra.l.ins

by alkali metal and alcohol in liquid ammonia.
In order to use these compounds, it was first necessary to elucidate their structures.

It has

now

been demonstrated that the base

catalyzed isomerization of 5,8-d:ihydro-1-naphthol (II) or ita methyl
ether· (III) gives predominately the 5,6-di.hydro isomer,
taminated with some 7 ,8-dihydro isomer, V or VIL

IV

or VI , con

Samples of the liquid,

isomerized methyl ether, were obtained by methylating the ceystalline
product of the base-catalyzed isomerization of 5,8-dihydro-1-naphthol

(II) and by methylating 5,8-dibydro-1-naphthol and then isomerizing with

base

o

23

*

If either sample of methyl ether were emulsified in water and

treated with bromine , a S6 per cent yield of a crystalline l-hydroxy2,S-dibromo-8-methoxytetralin** (VIII) resulted. That the s truc ture
assigned this compound is correct was shown in Chart Five.
Oxidation of the dibromohydrin (VIII)

vd. th

chromium trioxide in

acetic acid produced an 80 per cent yield of a dibromoketone (IX). De

hydrobromination of this dibromoketone in collidine with the rigorous
exclusion of oxygen gave methox;,yhydroxybromonaphthalene (X)
compound could be isolated only if the reaction were
temperature range.
no

run

in a

ow

narr

Instead it was converted

into a stable dimethoxybromonaphthalene (XI) by treatment
o

This

The compound was so unstable to air o:x:Ldation that

concerted attempt was made to purify it.

sulfate

•

w:L th

dimethyl

The Grignard reagent of the dimethoxybromonaphthalene was

formed by treatment

w:l.th

magnesium and decomposed by treatment

cohol to give a good yield of product Which

was

w1th

shown to be the

al

lmown

'*l»uritication of the isomerized methyl ether by distillation al
ways left a residue in the pot. Trituration of this residue with acetone
gave ·a crystalline dimer� C 22H2402 , m.p. 148° Although this dimer was ·
not completely charaoteri'Zed, analogy to similar dimerizations 5 H indicates struoture i for it.
fj �
CH
OCH3
i
o

'71

�

**T reatment of 1-hydroxy-2, S-dibromo-8-metnoxytetralin with
methanolic silver nitrate gave no rearrangement pJ"oduct. The only com
poundtisolated, C12H1S0 3 , m.p. 14l.S0 was apparently formed by di splace
ment of bromide by methox:l.de and is formulated as 1-hydroxy-2 ,8-dimethoxyS-bromotetralin, ii .90
OH
OCHJ
ii
I

QS
r

CHART FIVE
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co
VII
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VIII
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2.

EtOH)

Mg

XI

ro
XIII

HONO

)

nr

( Methyl
Sulfate
6.

)

2$
1,8-dimethoxynaphthalene (XII) by its melting point, ultraviolet spec
trum, and mixed melting point with an authentic sample.
Isolation of the 118-dimethoxynaphthalene by this procedure showed
the original methoxynaphthalene derivative

to

be the >,6-di.bydro isomer.

Had it been the 7 ,8 di.lqdro isomer, 1,$-d.imethoxynaphthalene would have
-

been obtained by the route shown in Chart Five .
The authentic sample of 118-dimetho:xynaphthalene (XII) was pre
pared using procedures

tram

the literature, Chart Five.

8-Amino

naphthal.ene-1-sulfonio acid (XIII) was diazotized and the

0178ta1J1ne

1-d.iazonapbthalene-8-sultonio acid (XIV) obtained was transformed into
118-naphthosultone (XV) by boiling water.93 A sodium �o:x:l.de fusion

of this sultone gave 118-naphthalened.iol (m) which, on treatment with
2
dimethyl sultate, yielded 118-dimetboxynaphthalene.9l,9
Although the degradation of Chart Five showed the methyl ether

produced in Chart Four

to

be primarily the 5,6-dibydro isomer (VI) , an

oxidative degradation, Chart Six, of this isomerization product showed
that a small amount of 7 ,8-d.ihydro-1-methoxynaphthalene was present.
First attempts at oxidation, with chromium trioxide in acetic acid,
osmium tetroxide in ether, and potassium permanganate in acetone
piperidine demonstrated that the methyl ether was very sensitive to
oxidation. No pure organic materials could be isolated from these re
actions.

Finally a very mild oxidation

wL th

permanganate at 0° was

found to yield a small amount of 3-(2-metho:xy-6-carbo�henyl)-pro
panoic acid (XVII) and an even smaller amount of �-112-d.:ihydroJq-$-
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methoxytetralin (XVIX)

•

The dibasic acid (XVII) gave a dimethyl ester

(XVIII) on treatment with diazomethane . Cleavage of the ether linkage
of XVII with hot pyridinium chloride gave a lactone-acid (XX) , the
ultra-violet spectrum of 'Which was almost identical with that of the
dibasic acid (XVII) itselt. The lactone acid, 5-carbo:x:y-3,4-dihyd.ro
coumarin (XX) gave a methyl ester {XXI)

w.l.th

diazomethane which has

maxima in its infrared spectrum consistent wi. th a lactone carbonyl
(1788 em. -l ) and a methyl ester carbonyl (1730 em. -1) . The lactone
acid ( XX) was cleaved by saponification w.l.th sodium hydroxide and care
ful.ly

acidified at 0° in an attempt to obtain 3-( 2-hydroxy-6-carboxy

phenyl) -propanoic acid (XXII)

•

This attempt was unsuccesstul, as might

be expected, because of the rapid lactonization of a compound

1'd th

the

structure (XXII) of the expected product. The lactone ring of XX could
be kept open, however, by cleavage with hot base in the presence of an
excess of dimethyl sul.tate . Since ether formation is not reversible
under basic conditiona the starting dibasic acid (XVII) was reobtained.
The physical and chemical evidence presented above can only fit
structure XVII* tor the dibasic acid. If the acid, 3-( 2-carbo:x:y-3metho:xyphenyl) -propanoic acid (XXIII) , obtainable from 5,6-dibydro-1methoxynaphthalene (VI) were treated with hot pyridinium chloride, a
*Aromatic carboxyl groups ortho to metho:x:yl groups decarboxy
late more readily than meta or aliphatic carboxyl groups . It the di
basic acid initially prOdUCed possessed structure XXIII instead of
structure XVII, then XXIIIa would be obtained under mild decarboxy
lation conditions . Conditions severe enough to give any decarb9i:y'lation
always gave complete decarboxylation indicating structure XVII for the
dibasic acid.
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compound, 4- carboxy-5-hydro.xyi.ndanone (XXIV), With the same empirical
formula as

XX

might conceivabl.y have been produced. However, XliV

and its methyl ester would have given positive tests for ketonic car

bonyl and phenolic hydroxyl groups. The actual compound (XX) and its
methyl ester did not respond to tests for either of these fUnctional
groups .

.

.

Since 5,6-dieydro-1-naphthol ( IV) could be obtained by recrystallization of the mixture from the isomerization of 5,8-dihydro-1naphthol, it was decided that 7 ,8-dihydro-1-naphthol (V)

and

1-methoxy-

7 ,8-dihydronaphthalene (VII) should be synthesized for comparison pur-

poses and :f'or possible use

as

substrates in the studies on reduction

by alkali metals.
The lmown 5-methoxy-2-tetralone (XXVI) was prepared :f'rom 1,6-

dimetho:xyna.pbtbalene (XXV) by the method of Cornforth, Cornforth and

Robinson, 60 Chart Seven. Reduction of the tetralone (XXVI) with lith:f.um
CHART SEVEN

ro
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XXV

ro
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aluminum hydride gave 2-hydroxy-5-methoxytetralin* (XXVII), which
on heating with a mixture of molten potassium

and

sodimn JVdroxide

dehydrated to give a good yield of 1-methoxy-7,8-d.ihydronaphthalene
(VII).
An

attempt to prepare 1-methoxy-7 ,8-d.ihydronaphthalene (VII) by

pyrolysis of the benzoate
failed.

of

2-hydroxy-5-methoxytetralin (XXVII)

The ester (XXVII) distilled unchanged from a pot tempera

ture of 360°.

A 40 per cent yield of 3-(2-methoxy-6-carboxypbenyl)"1>ropanoic
acid (XVII) could be obtained by oxidation of the pure 1-methoxy-8dihydronaphthalene (VII) with potassium permanganate.

However, no

crystalline bromohydrin was isolated upon treatment of VII with
bromine water under conditi ons which give a 56 per cent of bromohydrin with the 5,8-isomer (VI ) .
Only resins were produced when 1-methaxy-7,8-dihydronaphtbalene

(VII) was heated with ei tbar pyridinium chloride
iodide to cleave the etbar linkage.

ar

methyl magnesium

Since no method could be devised

for cleaving the etb:tr linkage without causing dinsrization and/or
pol;ymerization of this styrene-type molecule, an alternate synthesis
(Chart Eight) was used to prepare 1-hydraxy-7,8-dihydronaphtbalene.
Treatment of the sodi\Dil salt of 1,6-dihydronaphthalene with
chloromethyl methyl ether gave 1, 6-bismethoxyme thoxynaphthalene

(XXVIII, Chart Eight).

This compound can be considered to be an

*Attempts to reduce 2,5-dihydroxynaphthalene directly to either
5-hydroxy-2-tetralone or 2,5-dihydroxytetralin with potassium and
alcohol in ammonia failed.
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acetal formed from formaldehyde, 1, 6-dibydroxynaphthal.ene and methanol
and as such should be stable to base yet easily decomposable with acid.
Potassium and ammonium chloride in liquid

ammonia

reduced the diacetal

(XXVIII) to 1,4-dihydro-2 , 5-bismetho:xym.etho:x:ynaphthal.ene (XXIX)

•

Al-

though this compound was not purified because of an expected instabil
ity to distillation temperatures, its ultraviolet spectra showed that
the reduction was almost quantitative. Treatment of the dihydro com
pound (XXIX) 'With strong aeid gave only high melting organic products
but treatment with dilute mineral acid for a short period of time gave
both 5-methoxymethoxy-2-tetralone (XXX) and 5-hyd.roxy-2-tetral.one
(XXXI ), albeit in poor yield.

A. _viscous

oil which could not be induced

to crystallize was obtained by treating the sodium salt of 5-bydroxy-2tetral.one (XXXI) with sodium boroh1dr.Lde in methanol. A lithium alum
inum hydride reduction of 5-metho:xymethoxy-2-tetralone (XXX) proceeded
satisfactorily to give liquid 2-hydroxy-5-methoxymethoxynaphthal.ene
(XXXII) which was hydrolyzed

to

crystalline 2 , 5-dihydroxytetralin

(XXXIII) with dilute mineral acid.

Dehydration of the dihydro�etralin*

(XXXIII) with molten alkali produced 1-hydro:Q'-7 ,8-dihydronaphthalene
(V).

The ultraviolet spectra or these dibydronaphthalenes are quite
interesting.

Structures w.Lth isolated double bonds such as II and Ill

have spectra which are almost indistinguishable from those of phenol
and anisole respectively. On the other hand structures with conjugated
*Treatment or 2-hydro:xy-5-methoxymethoxy-tetralin ( XXXII} direct
ly with molten alkali gave a product melting above 250° .

)2
double bonds are distinguished by having about five-fold

more

intense

absorption in the 250-270 DJl region of the spectrum. * Thus compounds
with structures such

as

IV , VII,

XXXIV and XXXV are easily distinguish

able from unconjugated isomers of similar structure through their
ultraviolet spectra although other physical properties may be almost
identical. However, it is not so easy to distinguish the conjugated
isomers themselves from one another.
It is intructive to compare the spectra of some such isomeric
pairs,

as

IV -V, VI -VII and XXXIV-XXXV .

XXXIV

has the double bond

in

In these, the first sWu.cture

the ortho position

to

a methoxyl gzoup and the

second structure has the double bond in the meta position. When this
work was begun the only such pair in the literature :tor wbich ultra
violet spectra were known was the l-methoxyootahydroohr.1senes, 62
XXXVI -XXXVII .

The spectra of the ohr.1senes were misleading in that
00�
0�
9"

� '

*Daub and Vandenbelt61 call this the first priDiar7 band..
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XXXVI ,

the ortho isomer, had considerable fine structure in the 280-320

rap. region whereas XXVII , the � isomer, had no such fine structure.
This fine structure was originally mistakenly taken to be indicative
of an ortho double bond.
The data for the simpler 2_-methoxystyrene (XInV) was also avail
able . 63 m-JlethoJcy"Styrene {Xxv) , a known compound was synthesized by
methods in the literature and its spectrum determined. Both of these
styrenes* have the 280-320 mf fine structure . Afterwards, when 7,8dibyd.ronaphthol and its methyl ether were synthesized they were both
also found

to

have absorption in the 280-320

rrr region.

It follows then

that any generalization about a correspondence between double bond position and fine structure is invalid.
On the other hand there does seem to be a correlation between
the intensities of the maxima and the position of the double bond.

The

spectra of these pairs of isomers (IV-V, VI-VII and XXXIV-XXXV) are
qualitatively similar but in each case the maximum of the ortho isomer
is more intense than that of the meta isomer . This generalization
appears to hold quite well for a wide variety of benzene derivatives**
and affords a methqd of di stinguishing between ortho and meta isomers
*These compounds are not actually isomers . In the original lit
erature survey, structure XXIV was thought to be the simple ortho
methox,ystyrene and the mistake was not discovered until XXXV had been
synthesized and its spectrum had been taken. Fortunately the presence
of a side chain a.lkyl group has little effect on the u1traviolet spectrum
of these compounds .
**An inspection o f the thirty spectra of ortho and � benzene
derivatives listed in articles by Daub and Vandenbelt61 and by Buraway
and Chamberlain64 discloses that in all but two cases the absorption of
the "first pririla.ry band" is more intense for the ortho isomer. The two
exceptions are chlorbenzoic acid and the salt of that acid.

34
when the spectra ot both isomers are known. The maxima and the inten
sities of absorption are listed for the styrene type pairs mentioned
a.llove and for the analogous hydroxy and metholcybenzaldehydes64 in
Table III.
FrQm chemical and spectral .m.dence the ratio of S,6-d:1llydro
to 7 , 8-d:ihydro-1-naphtbol is estimated to be 4sr in th� isomrization
of 5,8-dihydro-l-naphtbol.

Isomerization of this naphthol' s methyl

ester (II) also favors production of the 5,6-dihydro isomers.

This

base-catalyzed isomerization almost certainly involves the initial.

63 �:n �M
:�;:�
)
ifun
� �
r

l.
(l)

II

It would seem that a correlation might exist between the position of

isomerization and the acidity of the hydrogen atoms on the carbon
atoms adjacent to the benzene rings. The reported isomerization of

S, 8-d:i.hydro-2-metbo:xynaphthalene (XXXVITI ) to 5, 6-dibydro-2-metho:xy
napbthalene (XXXIX)

WELl$

interpreted by Birch65 in such a

r, !· .!• ,

manne

in this case ( equation 2 ) as indicating that a methylene group �

(2)
m:viii

to a metbo:xyl is more acidic than is a para-methylene group. Such

an

interpretation seems particularly appealing since it is . known that a
bydroxyl group � to methoxyl is more acidic than is a para-hydrOJcy"l
66 has reported that 2group, Chart Nine. In a similar vein, Bader
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TABLE III
COMPARISON OF SPECTRA OF ORTHO AND META ISOMERS
-

Compound

First

}\max

Primary

Band
1ogt:

Secondary" Band
log(
A max

IV

265

3.90

300

3.45

v

267

3 o65

299

3.24

•

VI

265

3 .94

29 6

3.36

VII

265

3 .. 89

298

3 . 33

xxnv

250

4 06

XXXV

250

3 Q89

.2,-HydroJcybenzal.d.ehyde

254

4.10

324

3. 64

;!-HydroJcybenzal.dehyde

254

3 .. 98

315

3 .48

2-MethoJcybenzaldeh.yde

2 $.3

4 .. 02

321

3.66

!!!-MethoJcybenzaldehyde

25)

3.98

309

3 .48

..
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crotylphenol (XL) is isomerized ( equation 3) more rapidly than is E:-

{3 )
crotylphenol.
w:i. th

Here the relative rates of isomerization are in accord

the relative aoidi ties of hydroxyl ortho and para to a hydroxyl

group, Chart Nine .
From

the treatment shown in Chart Nine� it would seem rather

un

usual to find that the isomerization of the 5-»8-dihydronaphthol (or its
methyl ether) proceeds in the direction which it does .

This direction

of isomerization would indicate that a methylene group ortho to hydroxyl
or methoxyl is more react:i.ve than the same group in the � position.
This is in direct opposition to the acidities of hydroxyl groups ortho
anQ. meta to hydroxyl or metho:xyl group.

That Birch • s treatment of the isomerization is incomplete can be
seen by a more thorough look at the probable mechanism.

The isomeriza

tion of 1-methoxy-5,8-dihydronaphthalene (II) almost certainly proceeds

through an intermediate carbanion represented by the low energy r�sonance
forms IIa and IIb.

The rate constants controlling the transformation

may then be represented as in equation 4.
OR
OR
OR

e
ro � oo
II

II a

(

) ro e �2· ro
IIb

(4)

VI

The reverse reaction, k_2 , must be negligib:cy small since conjugated
isomers, such as VI are stable in molten

alkali .

Further, the concen-
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COMPOUND
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OH
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2 .82
R=H

R=CH3

+ If*"

3.31

1 . 18
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3 . 63

2 . 24

+ If*"

1.10

0 . 63
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OH

0
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tration of IIa-b can never be largeJ that is,

the

methylene group in

II is onl.y weakly acidic . This means that (k_1 + k2 ) >>k:J.. •
_
one can assume that the rates of proton association, k_l and

FinaJJy,

k2 ,

are

controlled b.1 the electron densities at the position of association. 49
From analogous reactions* one can deduce that the charge density repre
sented by' IIa is much greater than that represented by IIb and therefore that k_l ) )k2 .
With the ab()Ve assumptions

and

tion77 the following rate expression

the stat.i.onary-state appro:x:Lms.

o a.n

of 1-methox;v-.$,6-d:ihydronaphthal.ene (VI)

be derived from
from

the formation

II .

(5)
A similar rate expression can be derived for the fomation of 1-methox;r7, 8-dibyd.ronaphthal.ene (VII )

from

II through the low energy resonance

forms IIc and IId. The relative quantities of 5,6-dibydro-isomer (VI)

Co :�3 CQ�
·

·

IIo

II

)

cXtk4, 6o
IId

< 6l

VII

(7)

and 7 ,8�-isomer (VII) will be controlled b,y the relative V&l.ues
of both the equilibrium constants, Kl and KJ, and the rate constants,

k2 and klv

equation 8 .

�or example, Ingold, deSalas am Wilson69 .toUDi that when a �0unsaturated nitril.e (1-cyclohexetqiacetonitril.e) wa s placed in a 0.1 !
sodium ethoxi:de solution in deuterated ethanol, the exchange of two lcy'
drogen atoms .tor two deuterium atoms � immeasureably fast. Under these
conditions the isomerization to the J- p -unsaturated nitrile had a haJ.£
life of seven hours.

Bate VI
Rate VII

K1 k2

c:t

K3 k4
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�::�

t 5 6 I some;;;..; r_
_Am.oun
-=------=�2��-=_.;...;..;;;.
Amount 7 ,8-Isomer

(8)

The above treatment emphasizes the concept of the distr.i.bution
in charge on the intermediate carbanions (IIa, IIb, etc . ) .

This suggests

that the use of substituted phenols as models for establishing the rela
tive acidities (K ratios, equation 8) of the involved methylene groups
is not realistic .

Ionization of a phenol produces an anion with its

charge highJ.y localized on one atom.

Ionization of one of the involved

methylene groups produces an anion with its charge distributed over three
atoms .

Better models for the latter ionizations might be substituted

benzoic acids, which also produce an anion with the charge distributed
over three atoms .

In this connection it

can

be noted that the effect

of variously positioned hydroxy and methoxy slibstituents upon the acidity"
of phenol does not parallel the effects of such substituents upon the
acidity of benzoic acid (Charts Nine

and

Ten) .

The experimental findings reported herein, coupled with those of
Birch and Bader, show that the rate of isomerization of the three atom
allyl groups placed ortho � or para to hydroxyl or methoxy decreases
�

in that order. Parallel to these rates are the acidities of the three
atom carboxyl group ortho, � or para to hydroxyl and � or para to
methoxyl .

In most of the isomerizations the relative rates are apparent

ly largely controlled by the relative acidities (K ratios, equation 8)
of the allyl groups involved,�� 'Which in turn are predictable from similar
ly situated carboxyl groups .

Only in the case of competitive isomeri za

tion of an allyl group ortho and � to methoxyl do relative carboxyl
acidities not

run

parallel, ! .!
¥

• ,

ortho and � methoxybenzoic acids
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have the same ionization constant .
For this latter case the relative rates of isomerization are
apparently controlled by the relative association rates
equation 8) of the carbanions produced, �· �. , k2

(k ratios,

) k4 . These associ

ation rates in turn are controlled by the relative electron densities
at the posi tiona of association, !• !.• ,
is greater than that of IId to IIc-d.

the
This

cally rationalized as an ortho effect .

contribution of IIb to IIa-b
last statement can be logi

The

ortho substituent-» by de

creasing solvation in its vicinity will decrease the o orrliribution of IIa
in IIa-b �

This type of ortho effect can be recognized in a comparison

of the acidities of subatituted phenols and benzoic acids .

The ortho and � su.bstituted (me·tho:xy
benzoic acids are

all

more

acidic

than the

ar

hydroJcy) phenols or

unau

bstituted parent compounds .

This is in accord with the expected indu.c:t.:ive effect of the aubatituents .
The ortho substituted phenols, in whir.:h
greatest, are however weaker acids
planation for this is that

w.i.th

than

this

induc·tive effect should be

the �ta derivatives .

The

ex

the ortho substituted phenols-» the charge

on the conjugate base requires solvation in the vicinity of the sub
stituent .

The larger this substituent (methoxyl or hydroJCYl) the greater

the decrease in acidity in go:Ulg from the meta to the ortho isomer
(Chart Nine) .

On the other hand, the ortho substituted benzoic acids

where the charge in the conjugate base is

distributed and solvation

in close proximity to the substituent is not required are either equal.ly
acidic as the meta isomer (metho:xyl case) or considerably more acidic
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than the � isomer (hydroxyl case) * .
�n summa.ry,by use of equation 8 a correlation of the isomeriza.tion rates or isomer ratios of certain allylic rearrangements has been
made.

This has been done by assuming a parallelism between the acidity

of the a.l.ly'l groups involved and similarly substituted carboxyl groups
to predict ionization constant ratios (!· Ji• , KlfKJ) and by assuming
an ortho effect to predict association rate ratios (�. ,. , k2/k4 ) .

Whether these assumptions

w.L th

equation 8 will correlate or predict

relative rates for other similar allylic rearrangements remains to be
seen.

To this end the rates and posi ti.on of isomerization of other l

and 2 -substituted-5,8-dihydronaphthalenes are now under investigation. 103
To date the only data gathered in this extended study concerns the rela
tive rates of isomerization of 5,8-dibydro-1-naphthol and its methyl
ether.
The kinetics of the isomerization of both 1-methoxy-5,8-dihydro
naphthalene and 5, 8-dibyclro-1-naphthol were me asured in tert.amyl alco
hol at 100° using spectrophotometric methods of analysis .

In the pres

ence of excess potassium amylate the kinetics were first order during
the first 30 per cent of the reaction.
of the methyl ether (III) , 3.49

x

The first order rate constant

lo-3 min . -1 was not much larger

than that of the free naphthol (II) 2 .93

x

lo-3 min. -1 .

While these

*In actual fact the ortho-hydrmcybenzoic acid is sutficiently
more acid than other hydroxy and methoxybenzoic acids to require the
proposal of some extra stabilizing effect for the conjugate base of the
ortho-hyt4-� acid • . Internal solvation (hydrogen bon�) has been
suggestedl02 for this ei'fect, !· J!.• • iv.

[q�e
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figures do not mean much

in

the absence of data on the

bstituted

unsu

parent naphthalene (1,4-dihydronaphthalene) , it is somewhat surpris
ing that the two rates are so close

o

It was expected that the rate of

formation of the intermediary carbanion .from the free naphthol would
be reduced (and thereby the rate of isomeri zation of the free naphthol
would be less than that of its methyl ether) by effective removal of
this free naphthol as its conjugate base (IIe) in the basic isomeriza,...
tion medi1.DD..

Possibly this effect is offset by this conjugate base

(IIe) acting as an internal base to facilitate production of the
carbani.on (IIa) , equation 9 .

o9

co

)

lie

B.

�
�

(9)

IIa

Preparation of 1-Substituted-dihydronaphtbal.enes

A series of compounds with styrene-type dDuble bonds were de
sired for use as the organic substrates in the
ammonia reductions.
bond

metal-alcohol

Experience had shovm that reduction of the double.

is an easil.y effected reaction.

were not used for

alkali

two

reasons .

Substituted styrenes, themselves,

They are easily polymerized and they

are, for the most part, fairly volatile liquids .

Substituted dihydro

naphthalenes which have the styrene-type double bond have neither of
these disadvantages in so great a degree.
For these reasons a search was carried out for

a

simple method

of preparing 1-substituted 5, 6- or 7 118-dihydronaphthal.enes other than

o.

QS I

as

o.

0

�----�------��------�--------�------��

--

6o

30

90
Time in Mimtes

120

lSO

Figure 1.
First order pl.ot tor the isomerization ot S,S dihydro-1naphthol. ( II) at 100° in a te�l alcohol. solution 0 .1.33 Jl in
the potassium sal.t ot this alcohol. The slope ot this line shows
k to be 2 .97 x l.o 3 min. -1. .
...

-
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o.

0

0

30

90
Time in llinutes
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1 0

Figure 2
First order plot for the isomerization of 1-mathoJcy"-$,8d:i.hy'droD&phthal.ene (III) at 100° in a te�l aloohol solution
0.135 II in the potassium salt of this alcohol. The slope of this
line shows k to be 3.44 x ro-3 min. -1 .
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the 1-hydroJey' and 1-methoJey' compounds.

An

amino group

in

the 1-position

would be desirable since it can be replaced by a number of useful sub
stituents via d:Lazot:ization reactions . Reduction of 1-naphthylamine
with potassium and ammonium chloride in liquid ammonia and subsequent
isomerization with base gives 1-amino-5,6- or 7,8-dihydronaphthal.ene.
Unfortunately, diazot:izat:ion of this compound produced in most instances
onlY' unmanageable resins . 32
An

alternate synthetic route to !-substituted 7 ,8-d:l.hydronaph

thalenes would be through 2-bydroxy-5-aminotetralin ( XLIX)
was made to prepare XLIX as shown in Chart Ten.

•

.An

attempt

The 2-hydroxy-5-amiDo

tetralin ( XLIX) was to be d:Lazotized to introduce a variety of substituent groups and then dehydrated by base to give the correspondi.llg
olefin. *
5-Amino-2-methoJcyn&phthal.ene ( XLV ) was prepared by the method of
Butenandt and Schramm70 through methylation of 5-acetamido-2-hydrox;r
naphthalene followed by deacetylation. Reduction of XLV with potassium
and ethanol

in

liquid

nia gave an almost quantitative yield (as

ammo

determined from ultraviolet spectra) of 1,4-dibydro-2-methoJey'-S-amino
naphthalene (XLVI) as a viscous oil. This oil was not purified because
of an expected instability to heat. Instead, it was dissolved

in

dry'

ether and hydrogen chloride was bubbled in to give a precipitate of
amine hydrochloride, XLVII, which could be purified by dissolving in

alcohol and precipitating with ether. This amine hydrochloride (XLVII)
*Acid-catalyzed dehydration would have led to extensive dimeriza
tion of the styrene-type double bond first produced.
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co OCH3 ) 00-0CHJ
�

XLV

/

HNCCH3
ctkHJ
t
HN8cH3
co 0
p,

LI

LII

NH2 • HCl

NH2

XLVI

NH2HCl

C()

/

L

HNSCHJ
OO oa
LIII

l

NH2

00
LIV

)

roCHJ
XLVII

l

NH2

COo
XLVIII

�
�H
NH2

XLIX
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was treated with aqueous hydrochloric acid
linkage and .5-ami.notetralone (XLVII)

was

to

cleave the enol-ether

isolated as a white powder

witl.oh rapidly polymerized on standing. *
To avoid polymerization of the aminotetralone (XLVII) , a process
was devised wherein XLVII was kept in aqueous solution as the amine
hydrochloride (L) after cleavage of the enol-ether linkage and then
added dropwise to a basic solution of sodium borohydride .

An

amine

was isolated from this treatment which yielded a crystalline acetate
but neither compound gave an interpretable elemental analysis .
Treatment of the free

amine

(XLVI) with acetic anhydride before

a hydrolysis of the enol ether gave crystalline 1,4-dihydro-2-methoxy5-acetamidonaphthalene (LI) . This was renuxed with dilute mineral
acid for a few minutes to cleave the enol-ether without hydrolyzing the
acetami.do group. The yield of 2 ,5-acetamido-2-tetralone (LII) was poor.
Reduction of the ketone (LII)

vd th

sodium borohydride in methanol pro

duced 2-hydroxy-5-aoetamidotetralin (LIII) . This compound was extremely soluble in water and was only isolated through a lengthy continuous
extraction with ethyl acetate. 7 ,8-Dihydro-1-aminonaphthalene (LIV) ,
a colorless liquid, was prepared by the simultaneous dehydration and
saponification of 2-hydroxy-5-acetamidonaphthalene �th molten alkali .
1-Acetamido-7 ,8-dihydronaphthal.ene (LIVa) was prepared as a crystalline
deriv.ative of

LIV .

*Cyclohexanone and aniline polymerize rapidly at room temperature
in the absence of ar:ry catalyst . 89
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This synthesis was successtul. in that a desired product, 1-amino7 �8-dihydronaphthalene, was obtained but the overall yield was too low
for it to be used as a general preparative method for other !-substituted
7 , 8-dihydronaphthalenes .
A second general approach to 1-substituted dibydronaphthalenes

pursued was through 1-substituted 5 and 8-nitrotetralin derivatives,
!• ,&• ,

LVI, LVII , LVIII, LIX, LX, e·tc . The plan was to introduce various

.t"unotional groups through reduction and diazotization of the nitro group
and then to introduce the desired styrene-type double bond by an el1mination reaction of the !-substituent on the tetralin nucleus.
The Japanese chemist, Nakamura, 7l has separated 8-nitro-1-tetra
lone (LVI)

and

5-nitro-l-tetralone (LVII) from the chromic acid oxidation

products of 5-nitrotetralin (LV) . In repeating this work, te·tra1in

LV

6Q
LVII

was

(l)

+

··
''

LVI

nitrated by the method of Schroeter to give equal amounts of 5-nitro
tetralin and 6-nitrotetralin. The two isomers were obtained in crys
talline form by a fractional distillation followed by fractional freez
ing out of the isomers. Oxidation of the 5-nitrotetralin produced a
good yield of mixed nitrotetralones . From this mixture 5-nitro-l
tetralone could be obtained in a fair degree of purity by a tedious
series of fractional recrystallizations. Only a very small amount of
8-nitro-1-tetralone was ever isolated in a purified state .

5o
5-Nitro-1-tetralone (LVII) was not reduced by sodium borobydride
in methanol. A new reduction method developed by Broml2 which uses
aluminum chloride and lithium aluminum hydride in bis-(2, 2 ' -dimetho:x;r)
ethyl ether reduced LVII to yield 1-hydro:x;r-5-nitrotetralin {LVIII) .
)

LVII

LVIII

-�>

6Q

Since 1-hydroxytetralins are sometimes difficult

(2)

LIX

to

debydrate99 LVIII

was transformed into 1-chloro-5-nitrotetralin (LIX) by treatment with
thionyl chloride . At this stage the overall yield o£ the chloronitro
tetralin (LIX) from the starting tetralin was so low and so tedious to
obtain

that

the approach through LIX was abandoned.

Several reactions involving an active methylene group were

in-

vestigated with the object of selectively introducing a group into the

· ·

2-position of 5-nitrotetralin. Bromination of 2-ni tropropane in sodium

ethoxid.e

13 produces 2-b

romo

-2-nitropropane, equation

3.

Repetition of
( 3)

00

)

(4)
LX

LV

these conditions

vdth

the nitrotetralin, equation 4, gave not a trace

of 1-bromo-8-nitrotetralin ( LX) The reaction
•

of

5-nitrotetralin in the

dark at 0° with bromine and aluminum chloride, equation S , gave an

ex

tremely lacramatory crystalline product which, by elemental analysis,
could contain only a fn per cent of the desired 1-brom.o-8-nitrotetralin

(LX) .
( S)
After some experimentation it was found possible to form in low
y.leld an oxime, l-oximino-8-nitrotetralin (LXI) by treating S-nitro
tetralin with amyl Ditrite and sodium ethoxide, equation 6. One oon-

LXI

---+)

co

(6)

LVI

dition found necessarr for this reaction was the addition of ch7 etql
ether as a diluentJ otherwise the reaction -would, . after

sittinS

quia�

at room temperature for dqs, become violently exothermic . The use of
a stronger secondart base such as potassium isopropox:l.de

in

place of

the sodium etho:x:ida resulted in reduction of the nitro- group with con
current oxidation of the alcohol to acetone . The oxime (LXI) could be
hydrolyzed with mineral acid to yield 8-nitro-1-tetralona (LVI)
overall �eld of purified

D1trotetralone

•

The

was only' about 10 per cent.

This route was then abandoned.
'
Ortho and !!!£!

n1trotoluenes

differ from �-nitrotoluene in

having active meth7l groups which can undergo condensation with diet!¢
oxalate . 74 Hydrol7flis of the condensation product and oxidation with
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OO��

30 per cent hydrogen peroxide produces nitrophenylacetic acids in good
overall yield. The same reaction, equation 7, was tried with 5-nitroEt
_,
>

____

I

�

>

��
�
LXIII

LXII
tetralin

but

(7)

the yield of black acidic solid which was obtained was

amorphous, was not amenable

to

purification and did not exceed 15 per

cent, pre sumably because of steric hindrance which would not be present
in as great a degree in ortho-nitrotoluene .
A final method which was considered for obtaining the 1-amino

d:ihydronaphthalene, Chart Twelve, involved the reduction, isomerization
and decarboxylation of the known 1,8-naphtholaotam { LXIV) . Each of
these reactions occurs readily in, similar compounds .

A thorough test

CHART TWELVE

(

of this scheme was not made because of the difficul.ty of preparing
large amounts of the starting naphtholactam {LXIV)
was reduced

w.l.th

•

The lactam (LXIV)

potassium ahd alcohol in liquid ammonia but the prod

uct was not completely characterized. More details of this work are
given in Chapter III .
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C . Preparation of 2-Substituted-dihydronaphthalenes
In the reduction of dilzy"drona.phthalens to tetralins the reduc
tion of the benzene ring is a possible side reaction. 2-Substituted
na.phthalenes are more likely to have the aromatic ring which contains
the subs�tuent reduced than are 1-substituted-naphthalenes. 29 For
this reason 1-substituted-dibydrona.phthalenes were considered more
desirable than 2-substituted-dihydrona.phthalenes in this work. How
ever, because of the difficulty of preparing the 1-substituted com
pounds, the 2-substituted dihydrona.phthalenes (!_.

!• '

LXXVII, XCII,

etc . ) were final..ly prepared. It was then shown that they could be re
duced cleanly to the 6-substituted-tetralins by potassium and alcohol
in liquid annnonia.
Several attempted syntheses of the 2-substituted compounds were
'

from 6-mtrotetralin produced along with the 5-isomer by nitrating
tetralin. Concurrent with the work on this S�isom.er some of the same
reactions, suoh as bromination in the presence of alundJnun· chloride,
equation 1, were carri ed out with 6-nitrotetral.in. The bromina.tion
react-ion was no more successful w.i.th 6-nitrotetralin than with 5-nitro(1)
LXV

tetralin. On the other hand the condensation of dietbyl oxalate with
6-nitrotetralin, equation 2, after modification over the preparation
of Reissert;74 by using a large excess of base, followed by oxidation

S4
of the

1nitial.

product produced a large yield of acidic material .*

{lfl

�2!i

�H

(2)

LXVIII

LXV

Unfortunately' the product 1-carbolcy'-6.-nitrotetral.in (LXVIII) was

obtained

as

an impure black powder from which an anal.ytical.l7

pure

sample was not obtained. Purification methods in13lud.ed elution from
an ion exchange resin and an attempted vacuum distillation of the metht.J.
eater (which decomposed) in add1 tion to recrystalli zation& from maD7
organic solvents . Dissolving in aqueous sodium bicarbonate and repre
cipitating w.l.th acid gave the ·best appearillg material, a yellow powder.
Replacement of the carboJcyl group of impure LXVIn with bromine

�

Via the Hunsdiecker reaction (equation 3) did not ooour. For this re-

�2

+

C02

+

AgBr

(3 )

LXVI

LXIV

*A yellow crystalline compound C2oH2oN2011, m.p. 202°, was obtain.ed
as a biprodnct of the preparation of l-carbox;,r-6:-mtrotetralin. 112-bis
(a-nitrophenyl) ethane can bC! isolated .from the condensation of P;-nitro
toluene and dietbyl oxalate74 so this compound is by' anaJ.ogy asSigned the
structure 1, 2 , 3,4,1' , 2 ' 13 ' ,4'-octahydro-6,6•-dinitro-1,11-binaphthyl, iii.
02N
I
::::-...

action to ocour, the silver sal.t mu.st be scrupulously dry.

The impure

starting material apparently did not meet this requirement, perhaps
because of water of ceystaJJ.i zation.

The Schmidt reaction also failed

with the impure 1-carbo:xy-6-nitrotetralin (LXVIII)

o

Oxidation of 6-nitrotetralin 'With chromium trioxide in acetic
acid gave 6-nitro-1-tetral.one (LXX )

,

a compound previously reported

Reduction of LXX 'With stannous chloride

only in the patent literature .

and hydrochloric acid produced 6-amino-1-tetralone (LXXI ) .

(4)

LXX

LXV

LXXI

6-Amino-1-tetralone (LXXI ) could, almost oerta.:inly, have be.en used
to synthesize a number of 2-substituted dibydronaphthalenes .

However,

7-am:ino-1-tetraJ.one (LXXII I) was f:lna.l.l:y employed because it can be
readily produced more easily in large quantities .

Thi s was done by

nitrating commercially available 1-tetral.one with fuming nitrio acid and
reducing the 7-nitro-1-t�tralone (LXXI I) obtained, equation 5.

Both

0

00

(S )
LXXII

aminotetralones,

LXXI

LXXIII

and LXXIII, are stable in contrast to 5-amino-2-

tetralone (lLVIII) , which polymerized rapidly when isolated.

In the

final synthetic routes to the desired dihydronaphthalenes from LXXIII,

S6

crystalline compounds were isolated and purified at

every

step.

Reduction of orystaJHne 7-am:ino-1-tetral.one {equation 6) with

(6)

LXXIV

LXXIII

sodium borobydride in methanol yielded 1-hydro:xy-7-aminotetral.in (LXXIV) .

Several methods of debydrating the am:i.noalcohol (LXXIV) were tried.

Tbionyl chloride in pyridine gave crnde resinous material . Diacetyl
ation of the aminoal.cohol (LXXIV) produced 1-aceto:xy-7-acetamidotetralln
{LXXV) wbich was pyrolyzed to form the olefin, LXXVI . Saponification
of 2-acetamido-,5, 6-dibydronaphthalene with potassium hydroxide in retlux
ing ethylene glycol y:lelded 2-amino-.5, 6-dihydronaphthal.ene, LXXVII ,
equation 7 .

-oc)

H2N

Ja) �Jeo �-co
OH3

�

LXXIV

�=0

OH3

OH3

LXXVI

LXXV

(7)

LXXVII

In a search for a shorter dehydration procedure 1-byd.rOJCY-7aminotetral.in was

um distilled in the presence of a crystal of

vacu

iodine. The product .formed has the same empirical fornml.a as LXXVII
but a different melting point and ultraviolet spectrwn. Since pyrol
ysis of an ester to form an olefin rarely causes rearrangement of the
carbon skeleton100 LXXVII is as sumed to be properly assigned as 2-amino5, 6-dihydronaphthal.ene . On the other hand, iodine coul.d cause carbonium
ion formation during dehydration

and

rearrangement to give either 1-

S7

meteylene-6-aminoindane (LXXVIII) or 3-methyl-5-aminoindene (LXXIX) ,
Chart Thirteen. It is beli�ved that the product from the iodine
catalyzed reaction has one of these two structures .

co
OH

..

H2N

I2

LXXIV

�

CHART THIRTEEN
@
HOI
H2B

oo

cO

�

H2

m
$

H2 N

LXXVIII

CH3

112�

H2N�

I c�3

(

LXXIX

�

�

H2 N

<

1

®ell:!

2-Amino-5 ,6-d:ihydronaphtha.lene, LXXVII, was converted into 2-N,
N-d:i.methylamino-5, 6-dihydronaphtha.lene (LXXX) by methylation with dimethyl sulfate in aqueous sodium bicarbonate, equation 8 . Treatment of
(8)

LXXX

LXXVII
the crude product with acetic anhydride

was

done

to

convert

any

incom

pletely methylated amine to easily removable neutral material .
1-Hydro:x:y-5, 6-d:ihydronaphtha.lene (LXXXI ) was prepared through
diazoti zing either 1-hydroxy-7-aminotetralin (LXXIV) or 2-am:lno-5, 6dibydronaphthalene (LXXVI I) and decomposing the diazonium salt solution

sa
in hot sul.turic acid, equation 9.

The yields were never good probably

(9)

LXXIV

LXXXI

because the hydroxyolefin (LXXXI ) is
dimeri.zation and polymerization.

LXXVII
very

susceptable to acid catalyzed

No 1, 7-d:i.hydroxytetralin was isolated

in the formation of the hydroxyolefin LXXXI from the aminoalcohol

LXXIV .

Because of the poor yield noted above, 2-methoxy-5, 6-dihydro
naphthalene (LXXXV) was not prepared by methylating 1-hydroxy-5, 6-dihy
dronaphthalene (;LXXXI ) .

formed

in

Instead, the lalQwn 7-hydro:xy-1-tetralone was

good yield through d:i.azotization of 7-aminotetralone LXXIII

and converted w.f.th dimethyl sulfate into the 7-methoxy-1-tetralone
(LXXXIII) , equation 10 .
0

-->�
LXXIII

BDCO

(10 )

LXXXII

LXXXIII

Lithium aluminum hydride reduction of 7-methoxy-1-tetralone
-

(LXXXI II) yielded 1-hydroxy-7-methoxytetralin (LXXXIV) as a crystalline
solid which melted just above room temperature.

When LXXXIV was vacuum

distilled, it part.ially dehydrated to give impure 2-methoxy-5,6-dihydro
naphthal.ene (LXXV) , equation 11.

An

analytically pure sample of this

compound was never obtained, apparently because of its tendency to polymeri.ze on heating.

This was the only d:i.hydronaphthalene prepared which

polymerized so easily.

59
(ll )

LXXXIV

LXXXI II

LXXV

7-Obloro-1-tetral.one (LXXXVI ) and 7-bromo-1-tetral.one (LXXXVII I)
are both lmown compounds which were easily prepared
diazotization or 7-amino-l-tetralone

in

in

a pure form via

the presence or the appropriate

cuprous halide . The cbloroketone and bromoketone were transformed into 1ohloro-l�hydro:qtetralin (LXXXVII ) and 7-bromo-l-hydroJq-tetralin

(LXXXIX) respectively'

by'

reduction with excess lithium

aluminum

hydride.
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00
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LXXXVI

Cl
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)

�

LXXXVIII

LXXIII
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~
LXXXIX

LXXXVII

The phenylurethan (XC) ot 1-hydro:xy-7-chlorotetralin was prepared
by'

heating this alcohol with phenyl isocyanate

in

the absence or moisture.

The phe!l1'lurethan (XC)

is simpler to prepare than the metql xanthate

(XCI) which it resembles

in

structure and 11hich is used

in

the Ohugaev

�

OCSOBJ

am
XCI

XC

olefin preparation. Pyroqsis of the phenylurethan (XC) gave the
olefin, 2-ohloro-S16-dihydronaphthalene (XCII ) ,equat�on

-A--)
�

The ole-

Cl �
f �

(12 )

VV
XCII

XC
fin (XCII) coul.d not

12 .

be

separated from diphenylurea, a produot

of

the

pyrolysis, by a simple distillation. Therefore, polar reaction prod
ucts, such

as

the diphenylurea, were first removed from the chloroqdro

carbon (XCII) by filtration through a collDDD of activated alumina.
Since diphenylurea produced in the pyrolysis of uretban is a
nuisance to remove, the bromoalcohol (LXXXIX ) was deh1tJrated by pyrol
ysis of its acetate, rather than its urethan, to yield 7-bromo-S,6-di
hydronaphthalene (XCIII) , equation 13 .

B�
OH

LXXX I X

It was not necessary to purify

�
-A�
) �
AcOAc

XCIII

(13)
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the intermediate acetate .
A Grignard reagent was formed from 2-bromo-5, 6-dihydronaphthalene
(XCIII) by the entrainment method.

Carbonation of this Grignard reagent

.f'o:nned 5, 6-dihydro-2-naphthoic acid (XCIV) , equation 14.
�
HOOC �

--->�.

I

�
XCIV

XCIII

D . Time Duration Experiments
An

actual rate has never been determined for

any

reaction o.f' an

alkali metal in ammonia. At the outset of this work, some prelim:l.nary"
experiments showed that the reductions to be studied were too rapid to
be easily amenable to studies by the usual kinetic methods .

However,

a sequence of experiments has· been carri ed out to show the total time
required .tor certain reactions of an alkali metal in ammonia.

Such

"total time" measurements are related to rates o.f' reaction and can be
used to throw some light upon the mechanism of reduction.
An

overaJ.l reduction reaction is represented by equation 1 where

S repre�ents an organic substrate with a substituent R, M is any alkali
metal and HX is an acid or proton source such
alcohol .

as

ammonium chloride or

The 11ionic11 { equations 4, 5, and 6) and "nascent hydrogen"

{equations 2 and 3 ) mechanistic schemes are the oversimplified ones
discussed in the introduction (page 19)

•
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+

RS

2M

+

(1 )

2HX � RSH2 + 2MX

11Nascent Hydrogen"
+

2M

2HX

+

2UO

RS

-7 2MX
�

2ao

+

(2)

RSH2

(3)

2 e
RS=

(4)

"Ionic"
:;:::: 2!f

2M

RS
RS=
The question to

+

be

+

2 e2HX

+
�

----+

RSH2

+

. (5)

2X-

(6)

considered now is whether the "nascent hydrogen"

route in which electrons £rom the metal, M, react first with the acid,

HX, or the 11ionic" route in which the electrons first attack the sub
strate, RS, is the more probable representation of the actual mechanism.
If' the "nascent hydrogen" mechanism or a modification of it is
correct, it seems highly unlikely that the substrate can be reduced more
rapidly than the acid, HX.

That is, the rate of rea�tion of alkali metal

with acid should not be a.ffected by the presence or absence of an organic
substrate.

If the first step, equation 2, can occur at all it can occur

in the absence of a reducible substrate in which case hydrogen gas

will

be evolved.

A comparison has been made of the lengths of time required for
an alkali metal in mmnonia to react completely with acid alone, w:Lth
acid and organic substrate both present, and with substrate aJ.orie.

In

this study, potassium metaJ., an aJ.cohol, and 1-naphthoxide ion were used
as

alkali metal, acid, and substrate, respectively. In each experiment

one of two aJ.cohols was employed, ethyl

and

t�l.

Jlost of the

ex-
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periments were carried out with only the named reactants in

an

a.nhy

drous atmosphere of nitrogen, while some were carried out in the pres
ence of added oxygen, moisture, ether
mental results

are

and

summari zed in Table IV

alkoxide iono
o

The experi

Briefiy stated, Table

IV

shows the reaction between potassium metal and tart-amyl alcohol in
ammonia is considerably slower than ·the reduction of the 1-naphtho:x:i.de
ion by the combined action of metal and alcohol in ammonia.

This is

considered to be good evidence for the "ionic" route, that is, for some
mechanism in which the organic substrate takes up electrons more rapid
ly than does the tert�l alcohol or proton from it.
For gathering the data in Table IV, the first technique utilized
was

as follows .

This technique produced the reduced product, 5,8-dihy

dro-1-naphthol, in good y.i.eld.

One sol·ution was prepared by allowing

one mole of potassium to react vd th three moles of tert-amyl alcohol
in liquid ammonia and than adding
this liquid

ammonia

1-naphthoxide
liquid

ammonia

tassium.
all

and

to

this one mole of 1-naphthol.

To

solution which then contained one mole of potassium-

three moles of tert-amyl alcohol

was

added a second

solution containing slightly less than two moles of po

( In the follow.i.ng discussion, the reaction which occurs 'When

three reactants, potassium, alcohol,

and

substrate, are mixed in

ammonia will be referred to as the reduction reaction. )
time required for the potassium to react a.tter

m1xi ng

The length of

of the solutions

was easily observable by the disappearance of ita characteristic intense
blue color.
flasks with

Initially these reactions were carried out in open Dewar
no

provisions for the exclusion of moisture or air. Mirtng
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was

acoompliehed by e:imply pouring the contente of one flask into the

other.

If

mixing

were too rapid the cold (-33° ) liquid

tions boUed over and the experiment was ruined.
oonditiona,

runs

nia solu

ammo

Under these origl.nal

l and 2, 'rable IV, the time required far reaction of

approximately 0 . 3 ! potassium with alcohol and 1-naphtho:x:l.de ion
extremely brief, being alwaye less than five eeoonds.

was

Since rapid and

complete mi:x:l.ng of the liquid ammoma solutions was not attained

in

these experiments, the rate controlling process was probably this rate
of m:i.x:ing .
'rhe times required for the reaction of potassium in ammonia
alcohol alone and
general

er.

mann

vd.th

organic substrate alone

was

vr.f.th

measured in the same

As shown in 'rable IV ( runs 5 and. 6) , the reaction be

tween 0 .26 molar potassium and 0 .46 molar tart-amyl alcohol requires
about one hundred fifty seconds to go to completion.
discussion the reaction
are mixed in ammonia
action. )

'Wbioh

will

(In the followillg

occurs when only potassium and an alcohol

be referred to as the hydrogen liberation re

The reaction of potassium with 1-naphthoxide ion in the absence

of al.cohol ( rans 8 and 9) is considerably slower, six hundred seconds
being required for the reaction between 0.26 molar potassium and 0 . 28
molar potassium 1-naphthoxide to occur .*
To obtain more precise data, an apparatus was constructed, Figure
3, which would allow more rapid mixing of the reaction solutions and
*The nature of the products of the reaction of potassium and 1naphthoxide ion in ammonia in the absence of an added proton source has
not been investigated.
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Figure 3
Liquid

Ammonia
Reactor

JJ I ��
[ I
�

A

Jl J []_
B
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woul.d not be open to the atmosphere. For each run the apparatus was
carefully dried and the two previously described

ammoni a

solutions

were prepared in two arms of the apparatus - substrate and alcohol in
one, alkali metal in the other. These two solutions were then forced
under a head of nitrogen into

an

atmosphere of nitrogen in the third

arm. In this apparatus with the potassium still a few tenths molar
all reaction times were longer, Table IV, but the reaction of potassium

and alcohol with substrate (runs 11 and 12, twenty to thirty seconds)
is still much faster than the reaction of potassium with �1 alcohol
(run 13, about sixteen hundred seconds)

•

More runs were made than are represented in Table IV . The re
producibility of the data shown was quite good.

Runs

15 and 16 were

made three years after runs 11 and 12 , with which they are comparableJ
the total times in these four runs are in good agreement relative to
all possible experimental errors .
After observation of the considerable difference in total reaotion times observed in an

air

atmosphere and in a nitrogen atmosphere

the cause for this difference was sought . Apparently something present
in air accelerates the rates of both the reductions (compare run 2

with run 11) and the hydrogen liberations ( compare run 5 with run 13 ) .
The first possibility considered was moisture. However, addition of
water ( runs 17 and 18) * had littJ.e or no effect on the reduction tl.me
*When a measured amount of water was added to the compartment
containing the potassium alko:x:ide (previous to adding 1-naphthol) a
white precipitate, which was probably potassium hydro:x:ide, formed and
would not redissolve .
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required.
The second possibility investigated was oxygen.

The compart

ment into whioh the ammonia solutions were forced for reaction was
filled with oxygen instead of the usual nitrogen.

When the solutions

were then forced into this compartment, reaction occurred; that is , the
blue coloration disappeared virtuall.y as rapidly as the solutions
mixed (run 19 ) . * Work up of this reaction carri ed out in the presence
of oxygen showed that the reduction had occurr ed in 96 per cent yield.
This shows that there is no gross consumption ·or the potassi'Ulll by oxy
gen.

The oxygen or something derived from it is therefore actil'll !! !

catal.yst � reduction by potassium!
A satisfactory explanation for how this catal.ysis is effected by
oxygen has not been evolved.
as an electron transfer agent .

One idea tested was that the oxygen acted
The reaction of potassium with OJC;Ygen ,

. 75

as shown in equation 1 has been postulated previously

In

fact, po-

{ 7)

tassi1Dll superoxide, K0 2 , is a lmown chemical species . ** However, if the
oxygen catalyzed the reduction by transferring. an electron

from the

po

tassium to the organic substrate through the superoxide ion, then potas
sium superoxide should aJ.so be a reducing agent.

This has not proved

*Actually the coloration disappeared as rapidly as the

8) lutions
for the mixing of the first 6o per cent of the S)lutions. To
ward the end of the mixing, apparently most of the oxygen had been dis
placed or consumed and the blue coloration persisted ver:r briefly (,2!.
three seconds) in the reaction compartment.

were

mixed

�4:t. reaction of potassium in ammonia with a stream of oxygen to
form potassium superoxide is not a fast reaction. It requires some
minutes even with a rapid stream of oJcygen. Further, the yellow super
oxide is rather insoluble in ammonia.
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to be so. Potassium superoxide was prepared in ammonia to which was
then added some potassium 1-naphtho:x:l.. de. After a period of several
hours of stirring the reactants together, work· up yielded only re
covered 1-naphthol in the organic fraction.
Other factors -which might affect the two reactions being compared,
liberation of hydrogen by potassium

and

an al.cohol versus reduction of

a substrate by the same pair, and Which have been investigated include
use of a diluent inert s olvent (ether) variation or the alcohol and
51

addition of al.koxide ion. None of these factors significantly affect
the rate of the reduction reaction. In runs 20 and 2.5, all three or
the above factors were changed from run l.5p yet the reaction times for
these three reductions are not significantly different. On the other
hand_, either variation of the alcohol or addition or alkoxi de ion causes
a profound change in the rate or hydrogen liberation from the alcohol .
For example, runs 21 and 13

are

roughly comparable (the alcohol: to po

tassium ratio in each is about 1 .5) with the exception that ethyl alco
•

hol was employed in runs 21

and

�amyl alcohol in run 13 . This

change in alcohol increased the time required for hydrogen liberation
by

a factor of over two and a half .
Even more striking is the effect of added al.koxide ion.

The

only

difference·· between runs 21 and 24 is the initial presence in the latter
or an amount or potassium ethoxide equivalent

to

the initial quantity

or aJ.cohol. This difference increased the time required for hydrogen
liberation

by.

a factor or seventeen. Comparison of run 23

w1th

run 24

suggests that a further increase in the relative amount of additive

•·.
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sodium ethoxide beyond that equivalent to the alcohol vroul.d further
slow the hydrogen liberation reaction.
In summa.r;,r, the

data in Table IV show that substrate reduction

caused by potassium and an alcohol in ammonia

can.

proceed six hundred

times faster* than hydrogen liberation by potassium and the alcohol in
ni a.

ammo

Certain additives ( ether, moisture) have

·no

gt-eat effect on

the rates of either of these reactions while another ( oxygen) signifi
cantly accelerates the rate of each. Other factora change the rate of
one of these reactions

vdthout

affecting the o·l:iher

quired for the reaction liberating hydrogen

TlJfl3'

o

Thus the time

be extended virtual.J.7

indefinitely by the addition to the ammonia of alkoxide ion.
addition has no effect on the reduction reaction rate however.
variation of the alcohol also

has

These data are consistent

Such
Fina.J.J.y,

a profound effect on the time required

for hydrogen liberation, but none on the
tion.

re

with

time

required for the reduc

the concept of reduction of the

substrate by the metal or its electrons

a:ad

are not consistent 'With the

concept of reduction by hydrogen liberated from the alcohol.
Among other factors which affect the rate of reduction of a sub
strate is, of course, the nature of the substrate itself.
which were examined by the

runs

The

factors

reported in Table IV ere related to the

reduction of one substrate, the 1-naphthoxi.de iono
strates are reduced much more rapidly.

Runs

Certain other sub

With one such substrate,

the 5, 6-d:i.hydro-1-naphthoxi.de ion are reported in Table V .
*The ratio of total times for

run.'3

24 and 25 i s 620 .

The work-

TABLE IV
TIME DURATION REACTIONS WITH POTASSIUM-1-NAPHTHOXIDE IN LIQUID AMMONIA

Run No .

lb
2b
�b
6b
8b
9b

uo
120

1.30
15d
16d
17 d
18d
19d
2od
2ld
23d
140

24d

Initial Molarity
1-Naphthoxid.e
Alcohol
0.13
0.13
- -

-

-

-

0.22
0.28
0.12
o.l4
-

-

-

-

�

-

0 .. 12
0.12
0.12
0.12
0.12
- - -

-

-

-

-

-

-

Potassium

( amyl)
(amyl)
(amyl)
(amyl)
(amyl )
( amyl)
( amyl)
(amyl)
( ethyl)
( ethyl)
( ethyl)
( ethyl)

0 . 26
0.26
0.26
0.26
0.26
0.26
0.24
0 . 28
0.28
o.n
0.24
0 . 24
0.24
0.2L.
0 . 24
0.24
0.24
0.12

0.34 ( ethyl)

0.24

0.46
o.46
o .46
o.46
-

-

-

-

(amyl)
(atey'l)
(amyl)
(amyl)

-

-

0.46
o.46
o.46
o.46
0.37
0.31
0.37
0 . 31
0.34
0.34
0.34
0.34

- - -

-

-

Additives
and Atmospheresa
Air atm.
Air atm.
Air atm.
Air atm.
Air atm.
Air atm.
-

-

=-

-

-

-

-

-

-

-

-

.....

- - -

--

-

.......

-

-

...

0.04 M water
o . oL. ii water
Oxygen atm.
0Jcy"gen atm.
2$% Ether
25% Ethe� and 0 .. 34 M
KOEt
25% Ether and 0 . 34 !
KOEt

Reaction Time
. in Seconds
1
2
135
200

600
600

30
27
1650
870
22
26
24
19
5e
. 20
622
2340
10600
-;a
0

TABLE IV
TIME DURATION REACTIONS WITH POTASSIUM-1-NAPHTHOXIDE IN LIQUID AMMONIA {Continued)

Run No .

Initial Molar!ty
1-Naphthoxide
Alcohol

2 Sd

0.12

�he reactions were

0.34 (ethyl)

run

Potassium
0 . 24

Addi:tive s
and Atmospheres&

Reaction Time
in Seconds

2S% Ether and 0.34 M
KOEt

17

in a nitrogen atmosphere unless otherwise noted.

bRuns 1 through 9 were the experiments performed in open Dewar flasks at -33° .
11

through 14 were

run

in a small reacto.l" at -38° in a Dry Ice acetone bath.

dRuns lS through 25 were

run

in a large react..or at -33° in a liquid ammonia bath.

0Runs

esee footnote, page 67 .

....,
1-'
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TABLE V
TIME DURATION REACTIONS

WITH

POTASSIUM-5, 6-DIHYDID-1-NAPHTHOXIDE
IN LIQUID AMMONIA

Initial. Jlolarity
Ethanol

Potassium

Reaction Time
in Seconds

26

0.43

o.o5o

11

27

0.43

o.o5o

30

Run No .

5, 8-Dibydro-

1-naphthoxide

28

0 . 12

0 . 24

147

29

0 . 12

0.24

128

30

0 . 12

0.24

b
0.003

volume .

0 .34

&.rhe solvent for these runs was 25% ether - 75% ammonia by
b
see footnote, page 73 .
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up after reduction of this substrate by' potassium and ethanol in ammoD:ia
gives in good yield ,,6, 7 ,B-tetrahydro-1-naphthol.
this reduction

w.Lth

Accomplishment of

the previously desc:ribed reaction ( see page 64) showed

that this reaction is extremely fast.

Under the proper conditiona, the

blue coloration was discharged faster than the mixed solutions could flow
through the "T" of glass tubing connecting the three

It

was

arms

of the reactor.

possible to measure the distanae of flow in the "T" through which

the blue coloration of the mixed solutions persisted.
kno'Vil.edge of the parameters controlling

·the

From this and a

now rate, it was possible

to calculate a total time for the ele�trons from one quarter molar po
tassium to be consumed�

3

x

lo-3 aeconds 6 *

The pertinent data for one of t..llese very fast reduction reactions
is recorded ( rllll 29) .

As before, the reaction of potassium with substrate

in the absence of an alcohol is still relatively slaw ( runs 26 and 28 ) .

The hydrogen liberation reaction between potassium and alcohol at compa-:.
rable concentrations is also still

Vfir!1

slow ( ran 21) .

The

time

required

for the hydrogen liberation reaction differs trom the time required for
the reduction in this case by a factor of

2

x

10'

1

Not only does this arresting ratio point up a veey large rate of
acceptance of electrons, equation ', by an organic ion (a negatively
charged ion! ) J it also points up the fact that the carbanions produced
by this electron acceptance can accept protons (equation 6) much mere
*Thi s time should be called an upper limit since mixing, even by
the flaw technique was probably the rate controlling effect. Other re
duction reactions ( see section E, chapter II) have been demonstrated to
occur even more rapidly.

74
rapidly than the electrons themselvee can attack these protons ( eq11ation

2).

Thiz:t latter conclus�on is drawn from the fact that a proton source

(alcohol) is needed to get the very fast rate of discharge of blue
coloration in the reaction between the substrate and the potassium.

In

fact, in general a proton source is needed to allow reduction of a substrata by

aJ lm1 i

metal in ammonia. A satisfactory explanation for the

necessity of the proton source is that electron acceptance by the sub
strate (equation 5) is a rapid and reversible reaction with a real posi
tion of equilibria (!. !.· , a finite concentration of all species) which
is followed by an irreversible proton acceptance reaction (equation 6) .
Carbanions are relatively large and bul.ky by nature and are prob
ably even more bulky through solvation by the ammonia solvent .

Electrons,

on the other hand, are among the smallest and most mobile chemical species
!mown.

For these reasons it is difficult to comprehend why carbanions

should react more rapidly with protons than do electrons .
to

this phenomenon and equally difficult

Related to

comprehend is the fact that al

though added alkoxide ion profoundly retards the rate of attack by elec
trons on the proton source, this additive has no significant effect on
the rate of attack by carbanions on this proton source (£·!• the discus
sion of runs 21 and 24 from Table IV)

E.

•

Competitive Reactions

Competitive reactions can be a powerf'ul tool in elucidating the
paths of reaction mechanisms.

The general technique and use of competi
tive reactions has recently been reviewed.78 It was the intention of this

7S
work to study the relative rates of reaction of potassium S, 6-diqdro
l-naphthoxide, 1, 2-dihydronaphthalene, 2-methoJQP"-S, 6-dihydronaphthalene,
2-amino-5, 6-diqdronaphthal.ene, 2-bromo-51 6-d:l.qdronaphthalena, 2ohloro-5, 6-d:l.hydronaphthal.ene and 2-oarboxy-51 6-dibydronaphthaJ.ene
under the same reaction oonditiona. Since it

had

previousJ:r been shown

that potassium 5,6-dihydro-1-naphthoxide is reduced in excellent Ji,eld
to the corresponding tetralin and because this compound

8Jld

its reduc

tion product are isolable through their aoidi ty1 the naphthoxide
used as a standard for comparison in

aJ..l

was

of these competitive reactions .

First it was necessary to exsm1 ne the reduction of the 2-substituted.-5, 6-dihydrotetralins, equation 1, under the corditiona

to

be

employed for the oompetitive reaotio:ns . Several disappointing discoveries were made in this preliminar,y examination.

--;),.
X

=

z�
)
�

H, OCH3 , NH2 , COOH,

Br,

( 1)

Cl

The first disappointment was the discovery that the 2-carboxy5, 6-dihydronaphthal.ene formed an ammonium salt which was insoluble in
the ammonium-ether solvent used in this work. This salt is reducible
by potassium and alcohol in liquid ammonia but it would be meaningless
to

have a heterogeneous reaction competing with a homogeneous reaction.
Equally disappointing and also somewhat surprising was the dis

covery that halogen in the halo-dibydronaphthalenes was reduced as fast
or faster than the double bond. When obloro· or dihydronaphthalene

was re-
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duced with excess potassium, the product was tetralin as shown by
elemental analysis and ultraviolet spectra.

The

reduction of 2-bromo

.5,6-dihydronaphthalene with two equivalents of potassium gave 72 per
cent reduction of the nuclear bromine as determined by elemental
The

analysis .

bromine i s reduced approximately two and one-half times

faster than the double bond, the reduction of which probably has a half
life of less than 0.001 seconds. Similar work With 2-chl.oro-.5,6-dihydronaphthalene showed that the aromatic chlorine and the styrene double bond
are reduced at about equal rates .
The three remaining compounds!! 1,2-dihydronaphthalene, 2-methoxy
.5, 6-dihydronaphthalene

and

2 -amino-.5, 6-dihydronaphthalene, were all

quantitatively reduced to the corresponding tetralins under the conditiona to

be

employed for the competitive reactions . These conditions

involved mixing

nia solutions of the substrates

ammo

and

alcohol and of

the potassium in the reactor (Figure 3) as in the total time studies.
The reductions can be represented by the following generalized
equations where B represents the potassium-1-naphthoxide and A is one
of the 2-substituted-dihydronaphthalenes.
A

+

2K

+

2EtOH

B

+

2K

+

2EtOH

kJ.. ) AH2
k2
) BH2

+

2KOEt

+

( 2)

2KOEt

(3)

A mixture of A and B in liquid ammonia was allowed to react

vd.th

less

than a stoichiometric amount of K, potassium metal, in the presence
of excess EtOH, ethanol. When the reaction

wa.�

complete B and BH2 ,

which are acidic, were separated from the non-acidic A and AH2 by ex
traction into aqueous base . The fractions of A and of B which remain
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unreduced were determined bw ultraviolet spectrophotometr,y.
Provided that the reductions are first order

in

organic sub

strate, that the same mechanism applies for both reactions and that
the reaction of A with the reagents, potassium and ethanol, does not
affect the reaction of B with these reagents, and � versa, then the
ratio of rate constants can be calculated with equation 4. 78

�
a
k
2

logarithm of fraction A remaining
logarithm of fraction B remaining

(4)

Results from the competitive reductions have been calculated using equa
tion 4 and are tabulated in Table VI .
The assumption that the reaction is first order in substrate can
be tested by varying the relative initial concentrations of A and B.
Equation 4 shows that the ratio k1/k2 is independent of substrate con
centration. When A was dihydronaphthal.ene, the ratio of A to B was
varied from 2 11 through 1:1 to 1:2 without changing the ratio of rate
constants.
From these values the most significant feature of Table VI is
the slight difference in the relative rates of reaction of the com
pounds reported. The selectivity which organic compounds exhibit

in

reactions depends to a great extent upon the nature of the reagents
with which they react. There is a large d:i.fference in the reaction
rates of even veey similar compounds when they react with unreactive
species . * On the other hand, more reactive species show little differ*Toluene is brominated six hundred times as rapidly as benzene.
However, toluene undergoes a Friedel-Craf'ts isopropylation (with tie
highly "active" isopropyl cation) only twice as fast as benzene . lO

TABLE

COMPARISON OF RElATIVE RATE

C omEound
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vr-o2.�� 1o3
VALUES

Relative Rate

RWlS

Avera�e

WITH IONIZATION CONSTANTS

oe

RJCO

00
m

oe

(0
I

Cl

m

O

1

1. 80
2.03
1.91

Br m

«2m

Ionizati on
Constants

Colllpotmd.

1. 9

2.o*
3 . 27
2 . 80
3.44
4 .39
3. 73

3 .0

HJCO

OB

Br

OB

R2

OR

3.8

4. S*

O
-o
-o

OB

Cl

O
-o-

8 . 37

x

lo-13

2 . 24

X

10-10

7 . 77

x

1o-1°

1 .3S

x

lo-10

1.1s

x

1o-10

9. SS

x

1o-10

•

OB
OB

*Estimated f'rom the amount or potassilDll consumed ani an assumption as
to the relative rates or reduction o.r the halogen and the double bond .
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entiation in their rates of reaction with various types of compounds.*
The little differentiation shown in Table VI suggests that the reagent
causing the reduction is extremely reactive .
tron in solution as the reducing agent.

ell

The concept of an elec
fits this description.

Most of the differentiation which appears in Table VI is too
slight and too close to possible experimental error to allow much
terpretation.

in

It does appear significant, however, that all of the 2-

substituted-dihydronaphthal.enes react more rapidly than the standard,
the 5,6-dihydro-1-naphthoxide ion.

This is logical if one assume s that

the rate controlling process in the reduction of a dihydronaphthal.ene
is the reversible addition of either one or two electrons to form a
carbanion of the types VCa-b and VCd respectively.

VCa-b
Carbanion Ca-b is represented by two low energy resonance forms,
Ca and Cb.

In either case (VCa-b or VCd) a substituent in the aromatic

z �-

0

vca

VCb

VCl

*
Most reagents reacting with the carbon-hydrogen bond distinguish
sharply between the primary, secondary and tertiary types as well as be
tween the allyl and vinyl types of C-H bond. Recently, however, one re
agent, the methylene radical., has been found to be sufficiently. reactive
to show almost no preference between any of these types in its reactions
with the C-H bond . l09
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ring (Z) might be expected to have the same general effect on the
stability of the carbanion as it does on the stability of correspond
ing phenoxide ion (VCl) . Those dihydronaphthalenes which form a
carbanion most easily should be reduced most rapidlyo
Along with the relative rate constants of the substituted di
hydronaphthalenes, the ionization constants (a measure of the stability
of the phenoxide ion) of the correspondingly substituted phenols

are

listed in Table VI . It appears that the differences in the energies
of formation of carbanions from the various 2-Sllbstituted dihydronaph
thalenes will be negligibly small .

However, it will take more

energy to form a carbanion from the naphthoxide ion IVa, equation 5,

IVa

lVb-c

(the ionization constant of the corresponding phenoxide ion is 1000
times smalle r than any of the other ionization constants in Table V)
because the molecule alreaey possesses a net negative charge. One would
therefore expect potassium 5, 6-dihydro-1-naphtho:x:Lde to be reduced more
slowly than the other dihydronaphthalenes

if

the carbanion IVa is an

intermediate in the rate determining step. On the other hand, there is
no apparent reason for a neutral species (such as nascent hydrogen) to
attack IVa less rapidly than the other dihydronaphthalenes.
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The one general difference in rates of reaction noted in Table

V is thus logical.ly interpreted on the basis of an ionio or electron
addition mechanism but not on the· basis of a nascent bydrogen meobanis.m.

.

�··.

\

CHAPTER III
EXPERIMENTAL*

A . Reduction o f 1-Naphthol -� Isomeri.zation o f the Product
1 . ,2, §.-Dih,ydro-!-naphthol: (II)**
Six hlmdred milliliters of liquid annnon:ia was condensed into a
three-necked, 1-1 . flask equipped with a

Dry

Ice condenser and mechani

cal stirrer. After 110 ml . ( 1.85 mole) of' absolute ethanol had been
added to the flask, 23 g. (0.61 mole) of potassium metal was added in
small portions and allowed to react. Powdered 1-naphthol (85 g. , 0.61
mole) was added to the flask slowly to give a solution of potass-ium 1naphthoxide . There was added to the .flask in small portions sufficient
potassiu.m metal to impart a blue color to the solution for one minute .
About 5o g. of metal was required. The mouths of' the flask were loosely
covered w.l.th glassine paper and the liquid ammonia was allowed to evaporate at room temperature

•

.

Ice was added to the reaction products and the resulting solution diluted to 3 1 . with water and acidified w.l. th concentrated hydrochloric acid. The cream-colored precipitate was collected on a BU.cbner
*Elemental analyses were performed by Galbraith Laboratories,
Knoxville, Tennessee �� Weiler and Strauss Microanalytical Laboratory,
Oxford, Engl$lld . The melting points and boiling points are uncorrected,
unless otherwise stated. The melting points were determined on a Fisher
Johns melting point block. All ultraviolet spectra were taken on a
Becklnan Model DU spectrophotometer using 95 per cent ethanol as a solvent.

**The Roman numerals in the experimental section correspond to
those in Chapter II .

funnel, washed with water and allowed to dry. The product was vacuum
distilled, b.p. 120°/1 mm. , and recrystallized from hexane . The yield
of colorless prisms was 67 g. or 80 per cent of the t)leoretical yield.
The product melted at 72-73 . SO corr . ; melting points of 1SO and 74° are
recorded in the literature. 29,57 The ultraviolet spectrum of the product is similar
mp.

to

that of phenol . There are maxima at 27 3 DIJ1 and 279

with molar extinction coefficients of 1700 and 16oo respectively.

2 . Reduction of !-Naphthol and Isomerization of the Product
A three-necked 1-1. flask was equipped with a Dry Ice condenser

and mechanical stirrer. One hundred ten milliliters (1.85 mole) of
absolute ethanol was added to the flask, 6oo

ml .

of liquid ammonia was

condensed into the flask and 23 g. (0.61 mole) of potassium was added
in small pieces. After complete reaction of the initial potassium, 85
g. (0.61 mole) of powdered 1-naphthol was added slowly

to

give a solu

tion of potassium 1-naphtho:xide . Sufficient potassium was added in
small pieces to impart a blue color to the solution for one minute,
about 5o g. being required. Two hundred fifty milliliters of xylene
was added to the cold reaction mixture and the liquid ammonia was
allowed to evaporate over-night. One hundred fifty milliliters of
ethanol was added and the solution was refluxed for eight hours. This
solution was worked up by the two alternate methods , a and b, described
in the following two sections .
a. Isolation of �, _2-dihydro-!-naphthol (IV) . The 5, 6-dihydro1-naphthol was isolated by extracting the above reaction mixture with
2 1. of water . The water extract was cooled by the addition of ice and
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acidified

w:l. th

oonoentrated hydrochloric acid. The cream colored pre

cipitate was collected on a Blichner funnel, washed with water and dried
to give a 90 per cent yield of crude 5,6-dihydro-1-naphthol. The prod
uct was subjected to both a steam distillation and a vacuum distillation
in an attempt to purify it. Colorless needles with a melting point of
64-67° were obtained. After a series of recrystal.lizations from benzene,
benzene-hexane and hexane, the product had a · melting point of 69 . 2-70 .7°
corr . A mixed melting point of the product with 5,8-dibydro-1-naphthol
was depressed only slightly. However, the two compounds

have

very

different ultraviolet spectra. 5�6-Dihydro-1-naphthol has maxima at
265 mp., 300

mp.

and 308

mp. wi. th

molar extinction coefficients of 8000

>

2800 and 2200 respectively.

b. Preparation of !-metho;xy-2,���dihydronaphthalene. One hun
dred ten milliliters of concentrated hydrochloric acid was slowly
added to the ethanol-xylene solution of isomerized dihydronaphthol . One
hundred fifty milliliters of methyl sulfate was added

to

the mixture

dropwise and potassium hydroxide solution was added as needed to keep
the reaction mixture basic . After additi.on of the methyl sultate was
complete, the mixture was poured into a 2-1. flask and refluxed for
two hours .

Sufficient concentrated ammonium hydroxide was added to de

compose the excess methyl sultate and the reaction mixture was diluted
w.i.th 1 1. of water . The xylene layer was separated and the water layer
was extracted with benzene, vdlich then was combined with the xylene
layer . The combined extracts were washed with dilute hydrochloric acid
and With aqueous sodium bicarbonate and dried over magnesium sulfate.
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The solvent was removed under reduced pressure on the steam bath and
the product vacuum distilled, b.p. 130-131°/15 mm. The �eld was 94100 g. (85-90 per cent) of a colorless oil. It had a density at 2�
of 1.16 g./ml. and 5 of 1 .. 5882 . The ultraviolet spectrum of 1-metho:xy-

�

5j 6-dibydronaphthalene has maxima at 265 D!Jl' 296 DIJ1 and 307 DIJ1 with
molar extinction coefficients of 8550, 2400, and 200 respectively.
Anal. Calcd. for CnH120 :
Found:

c,

c,

82 .46; H, 7 . 55 .

82.54J H , 7 . 70 .

3 . !-Methox;y-,2:,!!_-dihydronaphtbal.ene (III)
5,8-Dihydro-1-naphthol (6o g. S> o.hl mole) and potassium hydroxide

(23 g. , o .41 mole) were dissolved in 200

ml o

of water in a 500 ml . nask

equipped with a reflux condenser, mechanical stirrer and dropping tunnel .
Thirty-eight milliliters of methyl sulfate (51.6 g. , 0 .41 mole) were
added to the flask dropwise and the reaction mixture was stirre d until
it became acidic . The solution was made

alkaline

again with 5. 75 g.

(0.10 mole) of potassium hydroxide and an additional 9 .5 ml. of methyl
sulfate was added. When the solution again became acidic, the conseoutive addition of 5.15 g. potassium hydroxide and 9 .5 ml. methyl sulfate
was repeated. Fina,?-Iy, sufficient ammonium hydroxide was added to de
compose the excess methyl sulfate . The reaction mixture was poured into

5oo

ml .

of water and extracted with ether three times . The ether ex-

tract was dried over magnesium sulfate and the ether removed under reduced pressure . The product was purified by a vacuum distillation to
give a colorless oil, b.p. 123-124°/ll mm . » 5 1.5135. The yield was

�

55 g. , which is 84 per cent of the theoretical yield. The ultraviolet

86
spectrum of 1-methoxy-5,8-dihydronaphthale:ne has maxima at 269 DlJl ·and
277 1Df1

w.i th

molar extinction coefficients of 2100 and 1810 respectively.

�· eal.cd . for enH1� : e ll 82 .46$

:H,

7 .55 .

Foundg. ell 82 .40J H, 7 . 65 .

4 . Isomerization of !-Methoxy-z,�-dibydronaPhthalene
Fifty grams of potassium metal was added
ml .

in

small pieces to 250

of absolute ethanol which had previously been heated to reflux in

a 1-1. round-bottom flask equipped with ref'".l.ux condenser. When the
potassium and alcohol had reacted completely, '250

ml .

of xylene and 100

g. of 1-metho:xy-5,8-cli.llyqronaphthal.e:ne were added and the resulting so'

lution was refluxed for eight hours. The reaction mixture was poured
into ice-water and the xylene layer separated. The water layer was

ex

tracted 'With benzene which was then combined with the xylene layer.
The combined extracts were washed

w.i th

dilute hydrochloric acid and

with aqueous sodium bicarbonate and dried over magnesium sulfate . The
solvent was removed under reduced pressure on the steam. bath and the
product vacuum distilled to give 90 to 93 g. of a colorless oil. This
compound baa the same properties as the compound produced by methylation
of 5, 6-dihydro-1-naphthol .
5 . Dimer of !-Methoxydihydronaphthal.ene (!)
The

tar

left in the pot after the vacuum distillation of 1-methoxy-

5, 6-dihydronaphthalene was triturated with acetone to leave a white crystalline material . · · After two recryatalli zations from methanol this prod
uct melted at 147 . 5-148 .5° . A Rast molecular weight determination gave
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a value of 304J 320 is the calcul.ated value for the molecular weight
of a simple dimer.

The

uJ.traViolet

spectrum of the product has maxima

at 280 mp., ca. 300 mp. and 325 IDJ1 with molar extinction coefficients of

3700, 850 and 570 respectively.
Anal .

Calcd. for C 22H2402 :

C, 82 .46J H, 7 . 55 .

Found: c , 82 .48, 82 . 38 J H, 7 . 56, 7 .44 .
6. !-Acetoxy-��-dihy4ronaphthalene
A small amount of E,-toluenesulfonic acid was added to 5 g. of
5,8-dihydro-1-naphthol dissolved in 10

ml.

of isopropenyl acetate and

the resulting solution was heated for one hour on the steam bath . The
excess isopropenyl acetate and the acetone resulting from the react:l,on
were removed in vacuo and the residue was vacuum distilled, b.p. 1701710/23 mm. , to give 4.1 g. of 1-acetoxy-5,8-d:lhydronaphthalene as a
colorless liquid,

��

1 . 5367 .

�· Calcd. for C12H1?02 : C, 76.57J H, 6.43 .
Founds

C , 76.75J H, 6.57 .

7 . !-Aceto;r-2,�dihyUronaphthalene
Approximately 0.1 g. of E,-toluenesul.fonic acid was added to 5 g.
of 5, 6-dihydro-1-naphthol dissolved in 10

ml.

of isopropenyl acetate

and the resulting solution was heated for one hour on the steam bath.
The excess isopropenyl acetate and the acetone resulting from the re
action were removed _!!! vacuo .
745

mm . ,

The residue was distilled, b.p. 280°/

gave 1-acetoxy-5, 6-d:i.hydronaphthalene as a white, wax-like

semisolid, m.p. 72-7SO-.

The ul.traviolet spectrum shows maxima at 265

DlJ1 and .300 D1)1 with molar extinction coefficients of 7000 and 1800 re-
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spectivel.y.

�· Oalcd. for C12H1�02 a C, 76.S7J H, 6. 43 .
Founds

c,

76.28 J H, 6.63

.

8 . 2,-Hydro:cytetralin
To 27S ml. of liquid ammonia in a three-necked, Soo-ml. flask
equipped with a Dry Ice condenser and mechanical stirrer were added
S2 ml. (0.87 mole) of absolute ethanol and 11 g. (0.28 mole) of potassium
metal in small portions. .A£ter these reagents had oompletel7 reacted,
40 g. ( 0 . 28 mole) of 5, 6-dihydro-1-naphthol was added.

Next, sufficient

potassium was added in small pieces to impart a blue color to the solu
tion for one minute, 22 . 8 g. being required. The mouths of the flask
were covered With glassine paper and the liquid ammonia was allowed to
evaporate overnight at room temperature . One liter of water and ice
was added to the reaction products and the

mixture

was acidified

wJ.th

hydrochloric acid. The product was collected on a Bfichner tt.umel,
washed With water and vacuum distilled, b.p. llS0/1.05
31.5 g. ( 79 per cent yield) of purified material.

mm . ,

to give

After one receystal.

lization from hexane, the melting point of the product was 69-7o . ,a ,
literature melting point 70-71° . The ultraviolet spectrum of 5-hydro:x:y
tetralin has maxima at 2 73 .5 mp. and 280 mp. with molar extinction co
efficients of 14oo and 1350 respectively. The absence of
above 295

mu

any

absorption

showed that the reduction was essenti� complete .
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9 . 2,-Methoxytetralin
To 300 ml. of liquid ammonia in a three-necked, 500-ml. fiask
equipped with a Dry Ice condenser and mechanical stirrer were added
15 ml . (0.257 mole) of absolute ethanol and 11 g. (0.069 mole) of
1-metho:x:y-5, 6-dihydronaphthaJ.ene. To the reaction m:i.xture was added
5.35 g. (0.138 mole) of potassium metal in small pieces. The mouths
of the nask were covered loosely w:l.th glassine paper and the liquid
ammonia was allowed to evaporate at room temperature . The residue
was dissolved in water and extracted with benzene . The benzene was
removed in vacuo and the product vacuum distilled, b.p. 140-lhl0/19
DDn.

to give an 80 per cent yield of a colorless liquid,

�� 1 . 5458 .

The ultraviolet spectrum of 5-methoxytetralin has ma.x:i.ma at 270 . 5
and 278 . 5

mp.

mp.

with molar extinction coefficients of 1490 and 1475 re

spectively. The molar extinction coefficient of 125 at 295

mp.

indi

cates that there is less than 2.5 per cent of unreduced starting
material in the product.
10. !-Hyd.rox;y-_g_,2_-dibromo-§.-methoxytetralin (VIII)
In a 2-1. fiask equipped with mechanical stirrer, condenser and

dropping funnel were placed 10 g. (0.0625 mole) of 1-metho:x:y-5, 6-dil'lydro
naphthalene and 250 ml. of water. A water emulsion of the starting
material was formed by adding 2 g. of "Tide" and stirring vigorously.
The reaction mixture was heated to 70° and 1300 ml. of aqueous 5 per
cent sodium bromide solution containing 15 g. (0.094 mole) of bromine
was added dropwise with vigorous stirring. When the addition was

68
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completed, unreacted hypobromous acid was present as shown by the
yellow color of the reaction mixture and by a test with potassium
iodide . * A stream of air was bubbled through the reaction mixture
to remove the excess bromine. The organic material was allowed to
settle and the supernatant aqueous solution was decanted. A SS-S6 per
cent yield (ll. S-11.6 g. ) of white solid could be obtained by washing
the reaction products with methanol. It was recrystallized twice from
methanol to give white crystals, m. p . 1S7 .S-1S9° . The uJ.traviolet
spectrum of l-hydroxy-2, S-dibromo-8-methoxytetralin is similar to that
of phenol with maxima at 282 DlJl and 290 mp with molar extinction co
efficients of 2000 and lBSo respectively.
Anal . Calcd. for CuH120 2Br2 s C, 39 .31J H, 3.6oJ

Br,

47 .S6 .

Found: C, 39 .19; H, 3 .72; Br, 47.S2 .
11. �,§.-Dimethoxy-1-bydr()x:ro
r-�-b motetralin (ii)
Six grams (O.OlS mole) of 1-hydroxy-2, 5-dibromo-8-methoxytetralin

and 2 .6 g. (0. 026 mole) of sodium carbonate were dissolved in 6o ml . of

methanol in a SOO-ml . flask equipped with a magnetic stirrer. To this
was added dropwise S g. (0.029S mole) of silver nitrate dissolved in
120

ml.

of methanol and 10 ml. of water. The reaction mixture was allowed

to stir for one hour at room temperature and then refluxed for one hour
on the steam bath. The reaction mixture was concentrated to half its
volume, poured into water and the water solution extracted with benzene.
*Hypobromous acid liberates io�e from potassium iodide which
can then be detected by extraction into chloroform .
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The benzene was evaporated to leave 2 .3 g. of a semi-crystalline mass,
m.p. 93-97° . Recrystallization from methanol and then from benzene
petroleum ether gave colorless crystals, m.p. 14o.5-14l . SO . The compound had a spectrum which was similar to that of anisole with a maximum
at 283

mp

with a molar extinction coefficient of 1750. It is assumed
to be 2 , 8-dimethoxy-1-hydroxy-5-brom.otetralin. 90

�· Calcd. for c12HlS03Br: Ci 50.l9J H, 5.27J Br, 27 .83.
Found: C, 50.19, 50 .33; H, 5.33, 5.27 J Br, 26.92, 26. 77 .
12 . £,.2,-Dibromo-§.-methoxy-!-tetralone i!!l
Seven and one half grams (0,015 mole) of chromium trioxLde was
dissolved in 10 ml. of water which was then added to 430 ml. of glacial
acetic acid. The chromium trioxLde solution was added to 25 g. (0.077
mole) of 1-hydroxy-2, 5-dibromo-8-methoxytetralin in 430 ml. of glacial
acetic acid in a 2-1. fiask. The resulting reaction mixture was stirred
mechanical.ly for three hours to dissolve all of the starting material.
The reaction mixture was allowed to stand overnight at room temperature

and then diluted with 3.5 1. of water and allowed to stand for an

additional three days in the cold room (50) . The yellow powder which
precipitated was collected on a Bfichner funnel, washed with water and
allowed to dry. The yield was 20 2 g. ( 81 per . cent of the theoretical
yield) mQp. 110-113° . Three recrystalli zations from methanol gave
�

yellow cubes, m.p. 118 .5-120° C . The spectrum of the product has maxima
at 263 mr and 335 DIJ1 With molar extinction coefficients of 7350 and

3700 respectively.
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Anal . Calcd. for C11H1o02Br : c, 39 .55; H, 3.02 ; - Br, 47.85 .

Found: c , 39.839 39 .92; H, 3 . 22, 3.15; Br9 47 .49, 47 .33 .

13 . !-Methox;y-4-bromo-_2:-bydrognaphthal.ene (X)
To find the optimum temperature for debydrobramination prelimi
nary testa were

run

using o-5 g. of 2 ,.5-dibromo-8-methoxy-1-tetralin in

20 ml. of collidine. The ultraviolet spectra of the products were
examined to see if debydrobromination had occurr ed. No reaction took
place at 100° or 12�. At 170° debydrobromination occurred but no prod
uct could be isolated from the viscous tars produced in the reaction.
A temperature of 1So0 was chosen as the best reaction temperature .
In a 500...ml .. flask equipped with a mechanical stirrer were placed
18 ..5 g. of 2, 5-dibromo-8-metho:xy-1-tetral.o�e and 250 ml. of collidine
which had been freshly distilled under nitrogen. The reaction mixture
was placed under a nitrogen atmosphere and heated

to

150-15� for fort,y

five minutes . The reaction mixture was cooled, filtered to remove
carbonaceous material and poured into a cracked ice-hydrochloric acid
mixture. The acid mixture was extracted three times with chlorof9rm.
Evaporation of the chloroform gave 6 g. of a viscous black tar. It could
not be sublimed or vacuum distilled under ordinary conditions. The
crude product was distilled in a molecular still at a pot temperature
of 240-250° and a pressure of 0.,2 llDll . The yield was approximately 3.5 g.
(25 per cent) of a white sticky semi-solid. This product was oxidized
so rapidly in air that no further attempt at purification was made. It
was used as described in the following experiment.

93
14 . ;6�-Dimethox;,y+bromonaphthalene l!!l
Five grams (0.021 mole) of crude 1-methoxy-4-bromo-S-hydroxynaphthalene was dissolved in 30 ml. of methanol and made basic with
1.2 g. (0.021 mol e) of potassium bydro:xide o While the reaction mixture
was stirred and heated on the steam bath 1.95

ml .

( 2 . 65 g. , O o021 mole)

of methyl sulfate was added dropwise through a dropping tunnel. The
alternate addition of 1.2 g. of po� sium hydroxide and 1.9S

m1 .

of methyl

sulfate was repeated three times. The excess methyl sulfate was destroyed
with ammonium hydroxide and the reaction mixture was extracted with
chloroform. The chloroform extract was filtared and evaporated. The
residue from the evaporation was sublimed at a pot temperature of 16o1700 at 0.2

mm.

The yield of white material m.p. 90J was 1.4 g. or 2S

per cent of the theoretical yield. The melting point after three recrys
talll zations was 93-94 . SO . The ultraviolet spectrum of this compound
has maxima at 308 . 5 mp., 323 mr and 336.5 mp With molar extinction coef
ficients of 9350, 8200 and 6700 respectively.

�· Calad. for cl2Hll02Brl c, S3 .95J H, 4.1SJ Br, 29 .92.
Founds

c , 53 . 18, H, 4 . 34; Br, JO .os.

15. !,�-Dimethoxyna.phthalene (XII)
The Grignard reagent of 118-dimethoxy-4-bromonaphthal.ene was made
by the entrainment method with methyl iodide and then converted into 11
8-dimethoxynaphthal.ene by reaction with ethanol. Magnesium turnings
(o. 6o g. , o.o25 mole) were placed in a three-necked, So ml. ±�ask equipped
*1,8-Naphthalenediol was observed to have a similar spectrum with
at 305 m.Jl, 320 X191 and 334 Jl9l whose molar extinction coefficients
are 66oo, 68oo and 8100 re�;�pectively.

maxima

94
w.i.th

a condenser, dropping funnel and magnetic stirrer .

The apparatus
The

was placed under a head of nitrogen and named to remove moisture .

reaction was started by adding a drop of methyl iodide in 2 ml . of dry
ethyl ether .

Then

g.

(o.oo41

mole) of 1�8-dimetho:x:y-4-bromo

(o.oo41

mole) of metnyl iodide were dissolved

the reaction mixture refimd..ng.

.Ai'tel:" complete addition the reaction

naphthalene

and

1.1

0 . 60 g.

in 20 ml . of ethyl ether and added dropwise just fast enough to keep

mixture was heated on the steam bath for forty minutes .

O n cooling a

black liquid separated from the ether and settled to the bottom of the
reaction .flask .

An

stirred reaction mixture .

When the vigorous reaction had subsided, a

dilute aqueous solution of hydroohlori.<} acid was added.

mixture

The reaction

was then filtered to remove 'llDreacted magnesiwn and extracted

w.i.th benzene .

Evaporation of the benzene extract gave 0.5 g. or

cent yield of crude material .
of 100-110° at 0 . 3

mm . ,

A

it had a melting poi.nt of 110-130° .

per

Three

re

159-159 . �

mixed melting point vdth an authentic sample of 1, 8-dimetho:x:y

*
naphthalene, m.p. 16o . 5° corr .. , showed no depression .
spectrum of 1,8-dimethoxynaphthal.ene shows
-'

65

Aftel:" sublimation at a bath temperature

crystallizations from methanol gave colorless plates , m . p .
corr .

the

ethereal. solution of alcohol was added slowly to

maxima

at

and 330 DlJl having molar extinction coefficients of

The ultraviolet

298 .5

1Df1,

315.5

DlJl'

1100, 6650 and 6900

respectively.

*The literature reports melting points of 161° and 162° for 1,8-

dimethoxynaphthalene . 91,92

95
16.

Preparation .5?,! Authentic !_,§.-Dimethoxynaphthalene (XII)
A sample of 1,8-dimethoxynaphthalene was prepared for comparison

with the 1, 8-dimethoxynaphthalene ultimately obtained from 1-metho:xy-5,
6-dihydronaphthalene . First, 1,8-dihydroxynaphthalene was synthesized
from 1-amino-8-naphthalenesultonic acid by the method of Boeseken. 93
Two hundred grams of 1-amino-8-naphthal.enesultoni.c acid were dissolved
in 91 g. of potassium carbonate in 3 1. of water.

The solution was

heated with 30 g. of decolorizing carbon and filtered. On cooling, the
potassium salt precipitated.
A 4-1. nask containing 100
200

ml .

ml .

of concentrated hydrochloric acid,

of water and 55 g. of the potassium salt of 1-amino-8-naphthalene

sulfonic acid was cooled to 0° in an ice bath. Forty grams of potassium
nitrite dissolved in 2200

ml .

of water was added to the nask slowly

with stirring to keep the temperature below 5° . The 1-diazonaphthalene8-suli'onic acid which crystaJ.lized was collected on BUchner i\mnel and
air dried. The crude diazonium salt was dropped in small portions into
1 1. of boiling water contained in a 2-1. Erlenmeyer nask. The 1,8naphthosultone produced formed a crystal J i ne, blue powder l'lbi.ch was
collected on a BUchner funnel and then recrystallized from benzene . The
yield of naphthosultone, m.p. 15�, was 26 g. , 59 per cent of the theo
retical. yield.
Seven grams of 1,8-naphthosultone were mixed

w:i. th

50 g. of po

tassium hydroxide and 10 ml. of water and heated to 200-230° for twenty
minutes in an evaporating dish covered with asbestos paper. The cooled
reaction mixture was decomposed by breaking it into small pieces and
dropping the pieces into 6oo g. of cracked ice containing 100 ml. of
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hydroobl.oric acid. The resul.ting solution was boiled with nori te, cooled
and filtered to give 2.5 g . of light brown leaflets of 1,8-dibydroxy
naphthal.ene, m.p. 142-14.$0 • The crude material could be sublimed at a
pot temperature of 180° and a pressure of 15

JIDn .

1,8-Dimethoxynaphthal.ene was prepared by the method of Schmid,
Ebnother and Burger . 91 Two grams (0.0125 mole) of 1,8-dihydroxynaph
thal.ene was dissolved in a solution of 2 .92 g. (o.o.$2 mole) of potassium
hydroxide in 37

ml .

of water . To this solution 4.9

ml .

(0.0.$2 mole) of

methyl sulfate was added dropwise with vigorous stirring. After a

half

hour, the reaction mixture was heated to 6o0 • At thirty minute inter
vals 37 ml . of the potassium hydroxide solution and 4.9

ml .

of methyl

sulfate were added. After this process had been repeated three times
a final 37

ml .

portion of potassium hydroxide solution was added and

the reaction was heated for one hour under reflux.
The reaction mixture was extracted

w1th

ether, the ether evaporated

and the residue sublimed at a bath temperature of 150° and a pressure
After two recrystalli zations 1,8-dimethoxyna.phthalene was
obtained as colorless crystals, m.p. 159-159.SO corr.
of 0.1.$

mm.

17 . Attempted Chromium Trioxide Oxidation of the I somerization Product
A chromium trioxide oxidation was carrie d out by the method of
Ingold and Piggott. 94 Thirty grams (0.30 mole) of chromium trioxide,

25

ml .

of acetic acid and 25

ml.

of concentrated sulfuric acid were

dissolved in 950 ml . of water . To 400

ml .

of this solution was added

5.2 g. (0.033 mole) of 1-methoxy-5, 6-dihydronaphthalene and the mixture
was shaken frequently for four hours . After standj ng for four days
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with occasional shaking the reaction mixture was heated for one hour on
the steam bath and then filtered. No pure material. could be isolated
from the brown semi-solid mass of organic material which was left on the
filter paper.
18 . Attempted OsmillDI. Tetroxide Oxidation of � Isomerization Product.
To a solution of 1.0 g. of 1-methoxy-5, 6-dihydronaphthalene in
125 ml. of

dry

ethyl ether was added a solution of 0.125 g. of osmillDI.

tetroxl.de in 10 ml. of ether and 3 . 75 ml. of 30 per cent hydrogen per
oxl.de . The solution was allowed to stand at room temperature for twentyfour hours , after which the ether was removed under reduced pressure.
The remaining material was stirred with 2 g. of sodium sulfite in 30 ml.
of water for twenty-four hours to remove osmium metal. This solution
was extracted

vdth

chloroform and the chloroform was dried and evaporated

to give 0.120 g. of White needles, m.p. 75-9f , which were not examined
further.
19 . !:ermanganate Oxidation .2! the Isomerization Product
A slurry of

10

g . (0.0625 mole) of 1-methoxy-5, 6-dibydronapb-

*

thal.ene in 100 ml. of acetone and 100 ml. of water was prepared in a
three-necked, 1-1. .flask.
in an ice-salt bath.
was added regularly
�

The .flask and its contents were cooled to 0°

The reaction mixture was stirred while chipped ice
to

the flask throughout the reaction to keep the

The 1-methoxy-5, 6-dihydronaphthalene employed in this experiment
was that prepared by methylation of the crude isomerization product of
5,8-dihydro-1-naphthol .
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temperature below � . Sixteen grams (0.100 mole) of potassium per
manganate was dissolved in 4oo
nask through a dropping

ml .

funnel .

of water and added dropwise to the
After three hours the manganese di-

oxide formed in the reaction was removed by i'iltration and washed

l'd.th

aqueous sodium bicarbonate which was then added to the filtrate . The
clear yellow filtrate obtained in this
chloroform.

way

was

extracted

twice 'With

The manganese dioxide was washed with chloroform and this

washing added to the chloroform extract. Decomposition of the

manganese

dioxide with hydrochloric acid and sodium bisulfite left no organic
material .
cis-!,_g_-Dibydroxy-�-methogtetralin (XVII ) . Evaporation of

a.

the chloroform extract obtained above gave a small amount (o.S g. , 4
per cent) of cis-1 , 2-dibydroxy-S-m.ethoxytetral.in* as
reacted starting material.
limation

well

as

some un

The crude glycol was purified first by

at 130° (bath temperature) and lS

tmn .

sub

It was then recrystal-

lized five times from methanol . The final product had a melting point
of 1S0-1Sl0 •
Anal .

Calcd. for CnH1403 :
Found:

b.

c, 68 . 02J H, 7 . 27 .

C, 68 . 08; H, 7 .41.

1-(,g_-Methoxy-�carboxyphenyl) -propanoic acid (�) . The

filtrate from the permanganate oxidation described above, after being
extracted
cold room.

w:l. th

chloroform, was acidified and cooled overnight in a

The precipitate of cream colored needles .was collected on

*Dr . R. Pappo kindly furni shed a sample of the isomeric glycol,
cis-1,2-dihydroxy-8-methoxytetraline, m.p. 12S0, which could have been
obtained from l-methoxy-S, 6-dihydronaphthalene .
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a BUchner f'unnel, washed with water and dried. The yields of the acid
ranged from 1.3 to 2 . 5 g. (8 to 16 per cent) . After three recrystalli
zations from methanol the melting point of the acid was 221°-222 ° . The
product, 3-(2-methoxy-6-carboxyphenyl) -propanoic acid, has a
its ultraviolet spectrum at 293

mp

maximum

in

with a molar extinction coefficient

of 2500 . !!-Hydroxybenzoic acid has a maximum at 296
extinction coefficient of 250o. 61

li1Jl

with a molar

Anal . Calcd. for C11H1205 : C, 58 .92; H, 5.40 .
Found: c, 58 .81; H, 5.42 .
20 . Attempted Glycol Preparation From the Isomerization Product
Ten grams (o .o625 mole) of 1-methoxy-5,6-dihydronaphthalene was
dissolved in 800 ml. of acetone in a three-necked, 3-1. f'l.ask equipped
with mechanical stirrer and dropping funnel . 96 The flask was placed
in an ice-salt bath and when cooled to -5°, 30 ml. of piperidine and
24 g. (0. 152 mole) of powdered potassimn permanganate were added with
stirring. After thirty minutes 50

ml .

of acetic acid in 6o

ml .

of

acetone was added slowly over a twenty minute period. The reaction
mixture was stirred for an ad.ditional four hours at 0° to -2° after
'Which 5oo

ml .

of chloroform were added . Next, 77 .5

hydrochloric acid in 375
250

ml .

ml .

of water and 35

g.

ml .

of concentrated

of sodium bisulfite in

of water were added to decompose the manganese dioxide formed

in the reaction. The reaction mixture was allowed to come to room
temperature and stirred for one hour . It was then extracted twice 'With
chloroform and the chloroform removed in vacuo on the steam bath. From
the residue 0.80 g. of 3 -(2-bydroxy-6-carboxyphenyl) -propanoio acid

100
crystalli zed leaving 7 . 10 g. of crude viscous oil which was not

further

resolved.
21 . Attempted Decarboxylation of J-(��ethoxy-�carboxyphenyl) -propanoic
Acid
a. Copper chromite .

3-(2-Methox;y-6-carboxypheeyl) -propanoic acid

(0.5 g. ) and 0.5 g. of copper chromite catal.yst in 10 ml. of quinoline
were heated to 16� for twenty-five minutes

o

A stream of nitrogen was

bubbled continuously through the reaction mixture . No reaction could
be detected. Essentially all of the starting material was recovered
from the quinoline.
b. Copper chromite at 230° . 3-(2-Methoxy-6-oarboocypheeyl) -pro
panoic acid (0.25 g. ) and 0.25 g. of copper chromite catalyst in 5

ml .

of quinaldine were heated to 230° for twenty minutes . A stream of nitro
gen was bubbled constantly through the solution.
2 2 . Methyl ·J-(�-Kethoxy-�carbomethoxyeheny1)-propanoate (XVIII)
Five grams (0.022 mole ) of 3 -(2-methoxy-6-carboxyphenyl)-pro
panoic acid -was dissolved in 150
added 120

ml .

ml .

of tetrahydrofuran. To this

was

of ethyl ether containing approximately 3 .3 g. (0.079

mole) of di.azomethane. After a few minutes the excess diazomethane in
the reaction mixture was destroyed with acetic acid. The ether-tetra.
hydrofuran reaction mixture

was

extracted with aqueous sociium bicar

bonate and w.ith water, dried over magnesium sulfate and distilled under
redUced pressure

to

leave 5.6o g. (100 per cent yield) of cruae ester,

m. p. 6� . After three recrystallizations from methanol, the methyl 3(2-methoxy-6-carbo.methoxyphenyl) -propionate melted at 75-76° .
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Anal .

Calcd. for C13H16P5 r C, 61�89; H, 6.39 .
Found: C, 61.96; H, 6.57 .

23. Lactone of J.-(_g_-Hydro:x;y-£-carbox;yphenyl) -propanoic Acid (g)
Fifteen

grams

of pyridine hydrochloride and 4.8 g. of 3 -(2-

methoxy-6-carboxyphenyl) -propanoio acid were mixed together and heated
to 210° for three and one half hours . Hydrogen chloride gas was bubbled
through the solution during this time. The reaction mixture was poured
into 100

ml .

of dilute hydrochloric acid and allowed to cool. The pre

cipitated product

was

collected on a BUchner funnel .

It was purified

by dissolving it in aqueous sodium bicarbonate, filtering to remove in
soluble impurities, and reprecipitating it with hydrochloric acid. The
yield of crude material, m.p. 16o-170° , was 3 .1 g. or 76 per cent of the
theoretical yield. Recrystallization from tetrahydrofuran-benzene gave
colorless cubes, m.p. 173-175° . The ultraviolet spectrum of the lactone
of 3-(2-hydroxy-6-carboxyphenyl)-propanoio acid has a
w1 th

maximum

at 295 mp.

a molar extinction coefficient of 2650 .
Anal .

Calcd. for C1oHB04 r c, 62 .50; H, 4.20 .

Found: c, 62 .08, 62 .10; H, 4.o4, 4.14.

24. Lactone of J.-(_g_-Hydro:x;y-.§;-carbomethox;yphenyl) -propanoio Acid (m)

An ethereal solution of diazomethane was prepared by adding o.4

g. of nitrosomethyl urea to 2
sium hydroxide covered by

a

ml .

of chilled 40 per cent aqueous potas

layer of 4 ml . of ethyl ether. The diazo

methane (evolved on decomposition of the nitrosomethyl urea) in the
ether layer was decanted into a solution of 0 .1 g. (0.00052 mole) of the
lactone of J-( 2-hydroxy-6-carboxyphenyl) -propanoic acid in 2

ml .

of di-
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methyl formamide . After a few minutes the excess diazomethane was
destroyed vdth acetic acid. The ether solution was extracted with
aqueous sodium bicarbonate, dried over magnesium sulf'ate and distilled
under reduced pressure to leave 0 .1 g. (93 per cent yield) of crude
ester. After a vacuum distillation, the product melted at 93-98° . It
was then recrystalli zed three times from methanol to give the pure
lactone of 3-(2-hydroxy-6-carbomethoxyphenyl)-propanoic acid, m.p .
101-102° . The infrared spectrum has maxima at 1788 em . -l (lactone
carbonyl) and 1730 cm. -1 (methyl ester carbonyl) .
Anal . Calcd. for CuHlo04 =

c,

64.07; H, 4.89 .

Found: c, 64.03; H, 4.74.
25 . Attempted Saponification of the Lactone of .J.-(£-Hydrox;y-,2-carbox;y
phen,yl)-propanoic Acid (XX) to J.-(�-Hydrox:y-£-carbox;yphenyl)-pro
panoic Acid (XXII)
To 1.0 g. of sodium hydroxide in 20

ml.

of ethanol and 5 ml . of

water was added 0.5 g. of the lactone of 3-(2-hydroxy-6-carboxyphenyl) 
propanoic acid. After refluxing for one and one-half hours the reaction
mixture was poured into cold dilute hydrochloric acid. Extraction with
chloroform and evaporation of the chloroform gave 0.45 g. of starting
material.
26. Conversion of the Lactone of .J.-(�-Hydrox;y-,2-carboxyphenyl) -pro
panoic Acid (!;!) � J.-(�-Metho.xy-£-carboxyphenyl) -propanoio �
The lactone of 3-(2-hydroxy-6-oarboxyphenyl) -propanoio acid (o. 70
g. , 0.0031 mole) was added to potassium hydroxide (0.90 g. , 0 . 016 mole)
in 15

ml .

of water and the resul.ting mixture was heated on the steam
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bath for one hour . Then 3
ml .

ml .

(0.033 mole) of methyl sulfate in 10

of ethanol were added dropwise to the hot reaction mixture . Addi

tional potassium hydroxide was added as needed to keep the reaction
mixture basic . Finally the basic reaction mixture became clear* and
wi.th

was extracted

chloroform. Evaporation of the chloroform extract

left only a small residue of colored material.
The reaction mixture was acidified whereupon small needles crys
talli zed.

(This is in contrast

"00

the starting material which alwa;rs

crystallized in �ubes. ) The yield of product was o . B g. ( 95 per cent) ,
m.p . 221-222 0

.

•

A mixed melting point

with

3 -( 2-metho:xy-6-carbo:xypheeyl)-

propanoic acid showed no depression.
27 . Partial Characterization of the Lactone of J-(£-Hydroxy-§.-oarbo;xy
phenyl) -propanoic Acif1? 7
a. Ferric chloride test. The compound did not give a positive
ferric chloride test for a phenolic hydroxy group.
b . Attempted oxime formation. No derivative was observed to
form with hydroxylamine hydrochloride . In this test o . 5 g. of the com
pound was mixed vd.th o . 5 g. of hydroxylamine hydrochloride and dissolved
in 25 ml . of pyridine which contained 2 .5 ml . of absolute ethano1 . 98
After reflu:xing for six hours the reaction mixture was poured into strong
*Naphthols usually contain air oxidation products which are dark
in basic solution and light or colorless in acid solution. When the
basic reaction mixture became colorless it was concluded that the
phenolic hydroxyl group was completely methylated and the reaction was
stopped.
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aqueous hydrochloric acid which then was placed in

an

ice bath. The

only material obtained had a melting point of 171-173° and was probably
starting material . A tetralone should have formed an oxime .
c . Attempted sodium borohydride reduction. No reaction could
be observed between the compound and sodium borohydr.l.de. One half
of the compound was dissolved in 20

ml .

gram

of aqueous sodium bicarbonate.

To this was added 0.1 g. or SOdiUIII. borohydride in 3 ml. or water . The
reaction mixture was allowed to stand overnight and then was acidified.
A quantitative yield of starting material, m.p. 171-173° , was recovered.
If the compound had had a ketonic carbonyl group it shouJ.d have . been re
duced

to

a hydroxyl group.

28 . Attempted Reduction of .!_,§.-Dihydroxynaphthal.ene � 2-H'ldroxy-g_
tetralone (�)

To 500 ml . of liquid ammonia in a three-necked, 1-1 . flask
equipped with .. a

Dry

Ice condenser and mechanical stirrer were added 21.8

g. ( 0 . 475 mole) of absolute ethanol and 16 .5 g. (0.475 mole) or potas
sium metal in small portions . When the potassium and ethanol had
completely reacted, 24.5 g. ( 0 . 157 mole) of 1, 6-dihydroxynaphthalene
were added to form the naphtho:xide salt. Finally 12 .5 g. (0.314 mole)
of potassium metal were added in small pieces. The condenser was re
moved from the flask and the ammonia was allowed to evaporate over
night at room temperature .

The

residual reaction products were dis

solved in ice water, acidified, and extracted with benzene. The
benzene was removed in vacuo leaving a black semi-solid tar from which
no pure product could be isolated.
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29 . 2.-Methox;y-,g,-tetraJ.one (XXVI)
5-Metho:x:;r-2-tetraJ.one was prepared by the method of Cornforthg
6o
To 53 .g. (0.28 mole) o£ : 1,6-dimethoxynaph
Cornforth and Robinson.
thal.ene in 6oo

ml .

of refluxing absolute ethanol was added 55 g. (2.4

mole) of sodium metal in small pieces. When the sodium had completely
reacted, 6oo ml . of water and 6oo
were

ml .

of concentrated hydrochloric acid

added to the alcohol solution in one portion and the solution was

then refluxed for fifteen mimtes . The reaction mixture was cooled and
extracted with ether.

The ether was removed under reduced pressure and

the oil remaining was shaken with 350
bisulf'i te solution.

m.l .

of concentrated aqueous sodium

The sodium bisulfite solution

was

cooled in an ice

bath for thirty minutes after which the bisulfite addition product "!as
'

collected on a Buchner funnel, washed with ether and dried.
fite addition product was shaken with 200

ml .

The bisul-

of dilute aqueous sodi'Wil

carbonate solution and the tetralone extracted from this mixture into
ether. The ether was removed under reduced pressure to leave 27 .5 g.
or 52 per cent yield of 5-metho:x:;r-2-tetral.one.
30 . 2.-Metho:x;y-_g_-hydro;xytetralin (XXVII)
To 1. 70 g. (o.o45 mole) of a slurry of lithi'Wil al1nni nmn hydride
in 150

ml .

of dry ethyl ether

was

•

slowly added 27.5 g. (0.155 mole) of

5-metho:x:y-2-tetralone dissolved in 100

m.l .

of dry ethyl ether. When the

addition of 5-metho:x:y-2-tetral.one was complete, the reaction mixture
was refluxed on the steam bath for o� hour.
num

The excess lithium alumi-

hydride then was decomposed with a dilute ethereaJ. solution of al

cohol. Next the reaction mixture was diluted with water, acidified
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w.i. th

dilute hydrochloric acid and extracted with ether . The ether

was removed under reduced pressure and the product was vacu'UJil
tilled, b.p. 126-129°/0.3

mm .

dis

The yield o:t distilled product, m.p.

59-6o0, was 21. 2 g. or 77 per cent o:t the theoretical yield. Two
recrystalli zations from ligroin and one recrystalli zation from ligroin
benzene gave long white needles o:t 5-methoxy-2-hydroxytetralin, m.p.
73-74° .
Anal

.

Calcd. :tor CuH140 2 s c, 74.13; H, 7 .92
Found: C, 74. 37J H, 7 .79 .

31. Benzoate o:t .2,-Metho:x;y-£-b;yJirox;tyte ralin
grams

Five

o:t 5-methoxy-2-hyd:roxytetralin were mixed with 15 g.

o:t benzoyl chloride and heated :tor fifteen minutes on the steam bath.
The reaction mixture was then poured into water and the acid prodnoed
neutralized
Biichner

w:i.th

.funnel

sodium bicarbonate .

The

prodnct was collected on a

and air dried. After recrystalli zation o:t the ester

from methanol, an essentially quantitative yield, 7 .6 g., ot the benzoate
of 5-methoxy-2-bydroxytetralin, m.p . lll-112° , was obtained.
Anal

.

Calcd. for C18H1803 : C, 76.57; H, 6.43 .
Found: C , 76.41; H, 6.49 .

32 . !-Methoxy-1_,§_-dibydronaphthalene (VII)
Attempts to prepare 1-methoxy-7 ,8-dihydronaphthalene

b.1

pyrolysis

of the benzoate of 5-methoxy-2-hydroxytetralin failed. This compound
distilled unchanged at 24o0/700

mm.

from a pot temperature of 360° .
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The 5-metho:xy-2-hydroxytetral.in was dehydr.ated in a mixture of
molten potassium hydroxide and sodium hydroxide. Seven and one

half

grams of 5-metho:x:y-2-hydroxytetralin was mixed in a 50-ml. distilling
fiask with 12 .5 g. of potassium hydroxide and 12 . 5 g. of sodium hydroxide
and

heated to 26o-300° in a Wood' s metal bath. After thirty minutes*

the reaction mixture was poured onto ice, diluted with water and extracted
with ether. The ether was evaporated to leave 6.15 g., 90 per cent
yield, of crude product. It was purified by a vaoUWI1 distillation, b.p.
14�/23 mm . , 7 1 . 5828 . The ultraviolet spectrum of 1-methoxy-7 ,8-

�

dihydronaphthalene has maxima at 265

liiJl

and 298

lilJ1

with molar extinc-

tion coefficients of 7800 and 2130 respectively.

�· Calcd. for CllH120 :

c,

82 .46; H, 7 . 55 .

Found: C, 82 .37; H, 7 .52 .
33 . Attempted Demethylation of !-Methoxy-1,§.-dihydrc?naphthalene
Magnesium metal (0.16 g. , 0.0067 mole) was placed in a 50-ml .
three-necked fiask equipped with refiux condenser, dropping funnel and
magnetic

stirre r.

The apparatus was named to remove moisture and a

nitrogen atmosphere was maintained inside the fiask. One gram (0.007
mole) of methyl iodide dissolved in 20 ml. of

dry

ethyl ether was

added to the flask drop'Wise . When all of the magnesium had been con
sumed, 1.0 g. (0.0062 mole) of 1-metho:x:y-7 ,8-dihydronaphthalene was
added and the ethyl ether was distilled.

The mixture

remaining was

heated to 160-170° (pot temperature) for forty-five minutes, during
*At these temperatures the molten base ate through the glass of
the distilling fiask in about thirty minutes .
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which time there was an evolution of gas .
The reaction mixture

was

triturated vdth dilute h�rochloric

acid and extracted w.i.th ether. The ether solution was extracted w.i.tb
aqueous potassium hydroxide.

The

potassium hydroxide extract was

poured onto chipped ice and acidified w.l. th hydrochloric acid. A colloi
dal

precipitate formed which

was

extracted into chloroform. Evaporation

of the chloroform left a viscous oil which quickly set to resin-like
hardness. No pure compound could be obtained from this residue .
34. Reaction of !-Methox:y-1,!!-dihydronaphthal.ene With Hydrobromous �
An

emulsion of 1 g. (0.0062.5 mole) of 1-methoxy-7 ,8-d:i.hydronaph

thal.ene in 2.5 ml. of water in a 200-ml. three-necked flask was formed by
adding a small amount of 11Tidett and stirring vigorously

w.Lth

a magnetic

stirrer. A solution of 1..5 g. (0.0094 mole) of bromine in 130 ml. of
.5 per cent sodium bromide solution

was

added dropwise. Less than .5

mg .

of solid material could be isolated from the v_:Lscous oil which separated.
This is in contrast to the .56 per cent yield of bromohydr.Ln which was
obtained from 1-metho:xy-.5, 6-dibydronaphthal.ene.
3.5. Oxidation of !-Methox;y-1,!!-d:ihydronaphthal.ene (VII)
To a slurry of 1 g. (0.0062.5 mole) of 1-methoxy-7,8-dibydronaph
thal.ene in 10 ml . of acetone and 10 ml. of water in a three-necked, 100
ml. flask equipped with magnetic stirrer and dropping tunnel was added
d.ropwise 2 . 7 g. (0.0172 mole) of potassium p ermanganate in

40

ml. of

water. The flask was placed in an ice bath and cracked ice was kept in
side the flask to keep the temperature below .5° . Arter

two

hours the
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action mixture was diluted to 200 ml. with water, filtered to remove
manganese dioxide, aoidit:l.ed with hJdrochloric acid and placed in the
cold room overnight .

�he precipitated acid was collected on a BUchner

.tunne l, washed with water and air dried.
28 .6, 2$.0 and 32 .0 per cent.

ware

�e yields from three runs

A mixed melting po:l.Dt with the 3-

( 2-metho:�q-6-carboleypheZJTl) -propanoic acid previousl7 obtained did not
depress .
36 .

!J.2-bis-Ketho:x;ymetho:qnae
phthal. ne (XXVIII)
�o 3SO ml. of reflux:I.Dg absolute methanol was added 7 . 2 g.

(0.313 mole) 9f sodilDil metal in small pieces.

The sodium methoxide

.

.

solution prodnced in this manner was cooled and placed in a 1-l . flask
equipped With a dropping tunnel , reflux condenser and mechanical. stirrer.

Fifty

grams

(0. 313 mole) of 1,6-di.hydroJcyll&phthalene were dissolved in

the sodium methoxide solution and 2S g. (0. 313 mole ) of chlcrometbt,L
When the reaction mixture had been

methyl ether were added dropw.l.se .

stirred for two hours there was added to it an additional amouJlti of
sodium methoxid.e solution made by reacting

7 . 2 g. of sodium with ' 100

ml. ot methanol. Ai'ter this another 2S g. of chlorometbyl methyl ether
was added dropwise

to

the reaction solution.

Attar two more hours, a

final sodi\Dil methoxide solution made from 3.6 g. of sodium and So ml.
of methanol was added and 12 . ; g. of chl.orometb;;.l. meth;.rl ether was added
dropw.lse .

The reaction mixture was allowed to stand overnight at room

temperature and then poured

into

l

1. of water. The water solution was

extracted tbree times with ether and the ether was removed from the ex
traCts under reduoed pressure 0

The

residual Ol'llde product was purified
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by' distillation.

The yield of purified 1,6-bis-methoxymetb.oxyna.ph

thalene , b.p. 147-148°/0 . 3
the theoretical yield.

DDR. ,

Nfi9 1. 3812, was 47 g. , 6o per cent; of

Its ultraviolet spectrum has

maxima

at 23.5'

mu

(broad) , 283 IDf' 31.5' 111)1 and 300 Dl)l with molar extinction coefficients
of 18200, 5300, 2250 and 2100 respectively.

Anal . Calcd . for Cl4Hl60 4a
Found:
37 .

c,

c,

67 . 12; H, 6..5'0

67 . 83 , 67 . 61; H, 6.40, 6.6,5' .

,!,_2-bis-llethox;ymetho.x;y-i,�-dihydronaphthalene (,!!!!)
To 1200 ml.. of liquid ammonia in a three-necked, 2-1. flask

equipped :with a Dry Ice condenser and mechanical stirrer was added 6o
g . (0.24 mole) of 1,6-bis-metho:x:ymethoJcynaphthal.ene in 100
ethyl ether.

ml. .

of dry

Thirteen grams (0.24 mole ) of ammonium chloride and 9 . 7
The alter-

g. ( 0 . 24 mole) of potassium metal in small pieces were added .

nate addition of ammonium chloride and potassium metal was repeated four
more times.

In all 65 g. of ammonium chloride and 48 . 5 g. of potassium.

metal were added.

The flask openings were covered loosely with glassine

paper and the ammonia was allowed
perature.
with ether .

Evaporation of the dried ether gave 57 g. ( 94 per cent

ul.trav.l.olet

place .

evaporate overnight at room tem-

The residue was dissolved in water and extracted three times

yield) of a dark oil .
an

to

No attempt was made to purii'y this oil.

spectrum. of the crude oil shows that reduction has taken

The spectrum was similar to that of a simple an:Lsole

maximum at 267 lllJ1 and a molar extinction coefficient of 1650 .

intense

However,

maximum

l'd. th
The

a

very

at 23.5' ,. of 1, 6-bis-metho:x:ymethoxyna.phthalene had dis

appeared completely.
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36 . Hydrol.ysis of b§.-:2!.!-MethoJcyl!lethoq-i,§.-dibydronaphthal.ene
Thirty-six

grams

of crude 1,6-bis-metho.Jcymetho:xy-5,8-dihydro

naphthalene was dissolved in 150 ml. of water and 4oo ml. of 95 per
cent ethanol and heated to boiling. Five millili ters of concentrated
hydrochloric acid was added and the solution was allowed to boil for
five minutes. After this it was poured onto ice, diluted with water
and extracted with chloroform.
a. 5-Hydro:x;y-�-tetralone (XXXI ) . The chloroform extract from
the hydrolysis of 1, 6-bis-methoJcymethoJtY-5, 8-dihydronaphthal.ene was
extracted twice with aqueous potassium hydroxide . This potassium
hydroxide extract was poured onto ice and acidified

w:l.th

hydrochloric

acid. A black tar which settled from solution was separated. Extrac
tion of the acidic water solution with chloroform and subsequent evapo
ration of the chloroform gave more black phenolic-smelling tar. From
a sublimation, bath temperature 180°/10 .5

mm. ,

of the combined tars

2 g. , 6 . 5 per cent yield, of purified phenol were obtained. The melt
ing point of 5-hydroxy-5-tetralone was 155-162° d.
Anal . Calcd. for C1oH1o0 2 s
Found:

c,

74.05; H, 6.22

O, 74. 06, 74.19; H, 6.17 , 6.44.

b. 2-Methoxymethoxy-£-tetralone (!!!) . The chloroform extract
from the hydrolysis of 1,6-bis-methoxymethoxy-5, 8-dihydronaphthalene,
after being extracted with aqueous potassium hydroxide, was evaporated
in a stream of air to leave a viscous brown liquid. This liquid was
poured into a beaker of magnetically stirred sodium bisulfite solution

ll2
consisting of 100 g. of sodium bisulfite dissolved in 250 ml.. of water
and 65 ml. of ethanol. The sodium bisulfite additiQn product, which
formed after about ten minutes, was collected on a Bfrohner funnel ,
washed with ether and decomposed by mixing w.ith 200 ml. of aqueous sodium
carbonate . The 5-methoxymetho:xy-2-tetralone was extracted with etherJ
the ether was evaporated, and the compound was distilled, b.p. 125-16o0/
5 mm. The yield of the tetralone, a colorless liquid, was 7 . 2 g. , 22.5
per cent of the theoretical yield. The product was not further purified.
39 . Attempted Reduction of 2_-Hyd.roxy-£-tetralone
The potassium salt of 5-hydro:xy-2-tetralone was made by dissolv
ing 5.3 g. (0.033 mole) of 5-hydro:xy-2-tetralone in 75 ml . of methanol
and adding 2 .05 g. of potassium hyd.roxl.de in a small amoWlt of water.
This solution of the potassium salt then was added dropwise to a mag
netically stirred slurry of 1.2 g. (0.032 mole) of sodilim. borohydride
in methanol . Arter four hours the reaction mixture was dissolved in
water, cooled, acidified and extracted

w.i.th

benzene .

The

benzene

was

evaporated in a stream of air leaving a black tar which was distilled,
b.p. 16o-170°/0. 75 mm. , to give a yellow viscous oil which could not
be induced to crystallize.
4o .

2.-Methox;ymethoxy-£-l!ydroxytetralin (XXXI I)
To a

slurry

in 10 ml. of

dry

of 0 . 80 g. (0.021 mole ) of lithium aluminum hydride

ether in a 100-ml . fiask equipped with a refiux con

denser, dropping funnel and magnetic stirrer was added 5 g. (0.0225
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mole) of crude 5-methoxymethoxy-2-tetral.one dissolved in 5o ml. of

dry

ether. After being stirred for one hour at room temperature, the
reaction mixture

was

The excess lithium

refluxed :for thirty miml.tes on the steam bath.

aluminum

hydride was decomposed with a methanol

ether solution after 'Which the reaction mixture was diluted with water.
The solid inorganic material. was dissolved by the addition of sodium
potassium tartrate and the reaction mixture was extracted with ether.
The ether layer was dried over magnesium sulfate and evaporated. The
residue was vacuum distilled, b.p. 158-160°/1.75 mm. , to give 3.5 g.
of 5-methoxymethoxy-2-bydraxytetral.in as a viscous colorless liquid.
N 2 1.5428 .

�

Anal . Calcd. for C12H1603 : C , 69 . 21; H, 7.74 •
Found: C , 69 .45, 69 . 26; H, 7 .72, 7 . 71 .
41. .

b�-Dihydrox;ytetralin (XXXI II)
One gram of 5-methoxymethoxy-2-by'dro::lcytetral.in was dissolved in

10 ml. of ethanol and 4 ml. of water and heated to reflux on the steam
bath. To the hot solution was added 0.12 ml. of concentrated hydro
chloric acid and the solution was refiuxed for one hour . The solution
was then poured over ice, diluted with water and extracted w:l.th ether .
The ether was dried and evaporated in a stream of air to leave O . S7 g. ,
78 per cent yield, of crude product which was sUblimed at a bath tem
perature of 180°/3 mm .

Recrystallization :from benzene gave 2,5-d:lhy

droxytetral.in as white discs, m.p. 127-128 ° .
Anal . Calcd. :for C1oH1o0 2 :

Found:

c,

c,

13. lla.; H, 7 . 37 .

12.95, 73.25; H, 1 .05, 1 .os .

42 . 1_,§.-Dihydro-!,-naphthol (!)
A mixture of o.5 g. of 2,5-dihydro.x:ytetralin, l g. of potassium
hydroxide and l g. of sodium hydroxide was placed in a copper tube ( ca.
12 mm. diameter, sealed at one end) under a nitrogen atmosphere and
heated to 290° for ten minutes.

The

mixture was allowed to cool and

dissolved in cold water . It was acidified, extracted l'li.th ether and

the ether evaporated in a stream of air . The semi-solid residue was
sublimed to give 0 . 18 g. of white product, m.p . 65-70° . Colorless

plates, m.p. 73 .5-74.5° , were obtained after three recrystallizations
from hexane. A mixed melting point with .5, 6-dihydro-1-naphthol (pro
duced by the isomerization of 5 ,8-dihydro-1-naphthol) showed

no

de

pression. The u1traviolet spectrum of 7 , 8-dibydro-1-naphthol has
maxima at 267 mp., 299 mp. and 309 mp. with molar extinction coefficients
of 4500, 1750 and 1500 respectively.
Anal .

Calcd. for C 1oH1oP :

c,

82 .16; H, 6.90 .

Found: C, 81.83, 81.73; H, 6.77, 6 . 61.
43 . Preparation and Spectrum of .J.-Methoqstyrene

3-MethoJcy"Styrene was prepared by the method of Sutzbacher95 in

order to compare its spectrum with that of the product of the isomer
ization of 5,8-dihydro-1-methoxynaphthalene .
First a Perkin-Doebner reaction was used to make 3-methoxy
cinnamic acid. In this reaction 8 .45 g. (0.062 mole) of 3-methoxy
benzaldebyde, 12 .5 g. (0.12 mole) of malonic acid, 25 ml. of pyridine
and 0. 7 ml. of piperidine were heated together for two hours on the
steam bath. The mixture was refiwced for fifteen minutes after which

it was poured onto cracked ice containing 33 ml . of concentrated hydro
chloric acid.

The

yield of precipitated 3-metho:xycinnam:i.c acid as white

. needles, m.p . 116-117° , was 11.5 g. , 95 per cent of the theoretical.
yield.
3-Metho:xystyrene was formed by decarboxylation of 3-metho:xycinn.amic
acid. This was effected by distilling 3-methox;ystyrene from a mixture
of 10 g. of 3-methox;ycinnam:ic acid, 40

ml.

of quinoline, 1 g. of anhy

drous copper sulfate and 0.6 g. of hydroquinone at a pot temperature o£
200° . The product was washed with dilute sulf'aric acid, dried and
vacuum distilled. The yield of 3-methoxystyrene as a colorless liquid,
b.p. 93-95°/17 mm. , Nfi5 1.5590, was 2 .4 g. The literature values are a
b .p . 90-93°/15 mm. , Nfi6 1.555. The ultraviolet spectrmn has maxima at
250 mp. and 293 mp. with molar extinction coefficients of 800o and 2150

respectively.
44 .

Kinetics of the Base-Catal:yzed Isomerization of !_-Methoxy-2,�
dihydr<?naphthal.ene and of Potassium z,�-Dihydro-!-naphthoxide
In 500 ml. of dry, o:xygen-£ree ��1 alcohol there was dis

solved 5.35 g. o£ potassium metal. The solution was maintained at 100°
under · a nitrogen atmosphere and 6 g. of 5�8-dihydro-1-naphthol was added
to the reaction fiask at time zero . At fifteen minute intervals 5 ml
.

·

•

aliqu.ots were removed from the reaction fiask and added to 65 ml. of
chilled 0 . 0274 !! ethanolic hydrochloric acid in 100-ml . volumetric
fiasks. Each aliquot was dilu-&ed to 100

ml .

with ethanol and the pre

cipitated potassium chloride allowed to settle . A portion of each di
luted aliquot was then further diluted 10:1 with ethanol. ·The concan-

ll6
tration of product in each aliquot was determined spectroscopical.J.:Y.'

o

The spectrum of the product has a

maximum

at 299 Df wbile the start

ing material absorbs negligibly at this wavelength. The rate constant
was dete:r:mined graphicall.:y (Figure 1) . After the final al.iqnot had
been removed, the concentration or potassium �amox:ide in the resi
dual

reaction mixture was determined

by

titration

w.i th

standard ethanolic

hydrochloric acid, using phenolphthalein as indicator .
The kinetics of the isomerization or 1-methoxy-5, 6-dihydronaphthalene were determined in precisely the . same

er except that ali

mann

quota were taken at seven and one-halt minute intervals. Only 4.0 g.
(0.103 mole) or potassium metal was used while 6.57 g. (o.ohll mole)
or 1-methoxy-5 ,8-dihydronaphtb.alene was added.
The isomerizations of both compounds followed first order kinetics
for the first 30 per cent or the reactions

and

then began to deviate

slightly. The rate constant for potassium 5 ,8-d.ibydro-1-naphthoxide
was 0.00297 min. -l at the base concentration of 0.133 N ( see Figure 1) .
The rate constant for 1-methoxy-5,6-d.ihydronaphtb.alene was 0 .00344
min. -l in 0.135 N base ( see Figure 2) .
-

·

B . Preparation of 1-Substituted Dihydronaphthalenes

1 . 2,-Amino-g_-methox;ynaphthal.ene (XLV)

·

5-Amino-2-methoxynaphthalene was prepared by the method or
Butenandt and Schramm . 70 To a 2-1. three-necked .f'lask equipped with
dropping

.tunnel

and mechanical stirrer were added Boo ml. or water,

24 g. (o.6o mole) or sodium hydroxide and 100 g. (0.50 mole) or crude
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5-acetamido-2-hydro:xynaphthalene. The flask was cooled

to

� in an ice

salt bath and 65 ml. ( 87 g. , 0.10 mole) of methYl sulfate was added drop

wise . The reaction mixture was maintained for two hours at 0° and then
for four hours at room temperature. After this time the mixture
made basic and an additional 10

ml.

was

again

of methyl sulfate was added. The

stirring was continued for another hour at room temperature after which
II

the precipitated product was collected on a BUchner funnel

and

washed

with dilute ammonium hydroxide. The product was dried overnight in
vacuum at 6� . The yield of crude 5-acetamic;lo-2-metho:xynaphthalene was
103 g.
The 103 g. of crude 5-ac.etamido-2-methoxynaphthalene was dis
solved in 750

ml .

of 95 per cent ethanol and 200 ml. of concentrated

hydrochloric acid in a 2-l. flask and refluxed for two hours on the steam
bath. The reaction mixture was cooled in an ice bath and the precipitate
collected on a BUclmer funnel . The product was dried overnight in
vacuum at 65° to give 71.5 g. of crude material . The filtrate was
· evaporated to give an additional 11.5

g.

of product, 2-metho:xy-5-naph-

tbylamine hydrochloride .
A solution of 83

g.

of 2-methoxy-5-naphtbylamine hydrochloride

and 40 g. of potassium hydroxide in 500 ml. of 95 per cent ethanol was
refluxed three hours and filtered through fluted filter paper into 2 1.
of water. The precipitated free amine was collected on a B\ichner funnel
and air dried. Vacuum distillation, b.p. 168°/2

mm . ,

gave

49

g. of

5-amino-2-me;tbyo:x:ynaphthalene, m.p. 75° . A melting point of 74° is re
70 79
The overall yield of 5-amino-2corded in the literature '
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methoxynaphthalene from >-acetamido-2-hydroxynaphthalene was >7 per cent.
2 . b!!-Dihydro-2_-amino-g_-methox;ynaphthalene (XLVI)
ml .

To 1800

•

o£ liquid ammonia in a 3-1 three-necked flask equipped

with a Dry-Ice condenser and mechanical stirrer were added 100

ml .

( 1.72

mole) o£ absolute ethanol and 62 g. (0.36 mole) o£ 5-amino-2-methoxy
naphthalene.

Small pieces of potassium metal were dropped into the re

action mixture . When about 35 g. (0.9 mole) o£ potassium had been added
the reaction mixture became blue and remained blue for one minute.

The

condenser was removed and the mouths of the flask were covered loosely
with glassine paper and the liquid ammonia was allowed to evaporate
overnight at room temperature. The reaction products were dissolved in
1 1. of ice water which was then extracted three times with ethyl ether.
The ether solution was dried over magnesium sulfate and evaporated to
give 6o g. , of a viscous brown liquid. No attempt was made to purify.
the crude product, 1,4-dihydro-5-amino-2-methoxynaphthalene .
3 . !,!!,-Dibydro-�-methoxy-2_-naphthylamine Hycirochloride (lLVII) .
Ten grams of crude 1,4-dihydro-5-amino-2-methoxynaphthalene was
dissolved in 50

ml.

of ethyl ether and dry hydrogen chloride gas was

bubbled through the solution.

The precipitated amine hydrochloride was

collected on a Bttchner tunnel, washed with ether and air dried. The
crude product was recrystallized from methanol

to

give 10. 5 g. of 1,4-

dihydro-2-methoxyl-5-naphthylamine as white needles, m. p. 185-195d.

The

ultraviolet spectrum of 1,4-dihydro-2-methoxy-5-naphthylamine hydro
chloride has a
1950.

maximum

at 285 mp. with a molar extinction coefficient of

The absence of a maximum at 254 III)1 indicated the absence of

ll9

starting .$-amino-2-methoJcyDB.phthalene . *

� · Cal.cd. for CuHJ.40NCla C , 62 .UJ H, 6 . 67J N, 6.62 J Cl, 16. 7.$.
Found s

C, 62 . 22J H, 6.74J N, 6.98J Cl, 17 . 67 .

4 . Attempted Preparation � 2�-,g,-tetralone (XLVIII)"
Three hundred m:flliliters of water, 100 ml. of ethanol, 100 ml.
of concentrated �chloric acid and 28 .$ g. of 1, 4-dihydro-?-methoxy
•

.$-naphtqlamine hydrochloride were placed in a 1-1. one-neclCed flask and
refiuxed for one ho111' .

The

reaction mixture was cooled in

and neutralized with ammonium carbonate .

an

ice bath

The precipitated .$-amino-2-

tetralone was collected by tiltration and dried overnight

over

potassium

hydroxide in a vacuum desiccator. The yield of crude material was 21 g.
The crude material apparently pol)rmerized on this standing overnight.
The product was JlQt soluble in ether, methanol tetrahydro.turan, water
or aqueous hydrochloric aoid although it changed color uD:ler the last
named solvent

•

.$. Attempted Preparation !:!!! Beduotion g! 2-Amino-,g-tetral.one H7droohloride
A solution of 11

g.

(0.052 mole) 1,4-dihyd.ro-.2,-metholcy'-5-naphth

ylamine hydrochloride in 6o ml, of water, 6o ml . of ethanol and 35 ml.
of concentrated hyQrochloric acid was retluxed for twenty minutes . The
sol'!ltion ·was cooled and 15 g. of sodium hydroxide, 50
.$0 ml. of ethanol was added.

ml..

of water and

It was then added dropw.Lse to a stirred

solution o:t �. o g. (0.027 mole) of sodium borohydride and 20
sodium hydroxl.de in 6o ml. of lal ethanol-water solution.

g.

'!'he

of
reaction

"'rhe ultraviolet spectrum of 2-metho:x;.v-5-naphthylamine �
chloride ·has a maximum at 254 lllll With a molar extinction coefficient of

l4Boo.

'
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mixture was heated for one hour on the steam bath, cooled, diluted

Yd.th

5oo ml. of water and extracted 'With ether . The ether was removed in
vacuo and the residue was distilled, b.p. 128°/0.4

DDn.

to give 6 g. of

a colorless liquid. The ultraviolet spectrum of this material has ma:xima
at 237 mp and 287 mp. with extinction coefficients of appro:ximately 8000
and 2500 respectively. A mixture of 1 g . of the amine and 1.5 g. of
acetic anhydride was heated for a few minutes on the steam bath. On
cooling the mixture set to a crystalline mass which was collected on
a BUchner funnel and washed with aqueous sodium bicarbonate .
cal sample was prepared

by

An

analyti

recrystalli zing from methanol to give long

white needles, m.p. 156-157° . The elemental analysis could not be satis
faotorily interpreted.
Anal .

Calcd. for C12H15NO : C, 76.15; H, 7 .99 J N, · 7.4o .
Found: C, 76.07, 76.18 ; H, 8 .01, 8.17; N, 7 .51.

6. bk-Dil!ydro-2,-acetamido-�-metho:xynaphthal.ene (Ll) .
Fifty grams (0.285 mole) of crude 1, 4-dihydro-5-amino-2-metho:xy
naphthalene were placed in a 200

ml..

Erlemneyer i'lask cooled in an ice

bath . One hundred twenty-five milliliters (1.25 mole) of acetic anhydride
was added in three portions. After a few minutes the reaction mixture
solidified. The reaction mixture was triturated with water, collected
on a BUchner .funnel, and washed with aqueous sodium bicarbonate solution
until neutral.. The crude product was recrystal.lized twice from b enzene
to give

44

g. of yellowish needles. It was then dissolved in 500 ml.

of benzene and rei'l.uxed for t'WO hours with 5o g. of norite . The hot
mixture was filtered through fluted filter paper to give a colorless
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filtrate from which the product crystallized in white needles, m.p. 1561570 . Recrystalli zation from methanol gave 35 g. of 1,4-dihydro-5-acet
amido-2-methoxynaphthalene, m.p. 157-158° .

�· Calcd. for C13H15N0 2 : C , 71.86; H, 6.96; N, 6.45.
Found: C, 71 .99, 71.63; H, 1 .03, 6.91; N, 6.25, 6.38 .
1.

2.-Acetamido-,g_-tetralone (111)
Ten

grams

•

of 1,4-dihydro-5-acetamido-2-methoxynaphthalene were

dissolved in 125 ml . of ethanol and 100 ml. of water in a 500-ml. flask
equipped with a reflux condenser and heated to reflux on the steam
bath. Ten milliliters of concentrated hydrochloric acid were added and
the reaction mixture was refluxed for fifteen minutes after which it
was poured onto 250 g. of ice. The crude product crystalli zed and was
collected on a B'fi.cbner funnel. After three recrystalli zations from
benzene 2.5 g. of 5-acetamido-2-tetralone, m.p. 175-176° , were obtained
as long white needles.

�· Calcd. for C12 H13N0 2 : C, 70.91; H, 6.45; N, 6.89 .
Found: C, 70 .73J H, 6.40; N, 6.77, 6.90.
8 . .2-Acetamido-£-bydroxytetralin (Llll) .
To a solution of o.6o g. (0.016 mole) of sodium borohydride in
40 ml . of methanol in a 250 ml. flask equipped with dropping funnel
and magnetic stirrer were slowly added 3.0 g. (o. ol4 mole) of $-acetamido2-tetralone in 100 ml. of methanol. The reaction mixture was stirred
for two hours and then poured into Boo ml. of cold, dilute hydrochloric
acid . Extraction of the aqueous solution

w:l.th

benzene evaporation of
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the benzene gave 0.1.5 g. of crude material . Three recrystallization&
from benzene gave an unidentified product as white needles, m.p. 1.531.540 .
No further material could be obtained by extraction of
w.i.th

sol�ion
with

benzene or ethyl ether .

An

the

aqueous

overnight continuous extraction

ethyl acetate followed by evaporation of the ethyl acetate yielded

2 .0 g. of white needles, m.p . 194-196° . After one recrystallization
from benzene this product, .5-acetamido-2-hydroxytetralin, melted at
196-198°

•

.-

Anal

.

Calcd. for C12H1.5N02 : C , 70 . 22; H, 1 .31; N, 6.82
Found: C, 70. 4.5, 10 .51; H, 1 .38, 7 .15; N, 6.3.5, 6.4.5.

9. J_,.§_-Dibydro-!_-aminonaphthal.ene (LIV)
A mixture of 2 .0 g. of 5-acetamido-2-hydroxytetral.in, 4.0 g. of

potassium hydroxide and 4.0 g. of sodium hydroxide was placed in a
stoppered glass test tube with a side ar.m and heated to 275-28.SO for
fifteen minutes . lllaterial 'Which steam distilled out through the side
arm was collected and dissolved in ether . The residue was cooled, dis
solved in water, and extracted with ether . The ether extracts were com
bined, dried over magnesium sulfate and evaporated. ·

The

residue was

give o. 10 g. of 7 ,8-dibydro-1-aminonaphthalene,
colorless liquid, _N27 1.6342, b.p . 182°/30 mm . The ultraviolet spec

vacuum distilled

to

trum of 7 ,8-d.ihydro-1-aminonaphthal.ene has

maxima

at 267 mu and 317 mu

with molar extinction coefficients of 73.50 and 26oO respectively.
Anal

.

Calcd. for CloHllNt C, 82 .72; H , 7 . 65; N, 9 . 6.5
Found :

O,

82 .88; H, 7 . 44; N, 9 . 63 .
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10 . 1,§.-Dihydro-!-acetami.d.onaphthalene (LV)
To 320

mg.

of 7 ,8.:..dihydro-l-aminonaphthalene dissolved in 1 ml..

of pyridine in a 10 ml. Erlenmeyer nask was added dropwise 300

mg .

of

acetic anhydride . After a few mirmtes the reaction mixture solidified.
It was triturated with water, collected on a BUchner funnel and was�ed
thoroughly with aqueous sodium bicarbonate solution. The product was
recrystallized from benzene to give 330 mg. of White needles, m.p. 1541550 . After two more recrystallizations from benzene the 7, 8-dihydro1-acetamidonaphthalene melted at 157-158° . Its Ultraviolet spectrum
shows a maximum at 260 mu with a molar extinction coefficient of 8950.
Anal . Calcd. for C 12H13NO : C, 76.97; H, 7 . OO J N, 7 .48.
Found: C, 76.99; H, 1 .06; N, 7 . 53 .
11. Preparation and Separation of 2-Nitrotetralin and ,2-Nitrotetralin
80
This nitration of tetralin is based on the method of Schroeter.
A cooled solution of 300 ml . of nitric acid (d
sul.fu.ric acid (d

=

=

1.42) and 6oo ml.. of

1.84) was added dropwise with vigorous mechanical

stirring to 575 g. of tetralin in a 3-1 . three-necked fiask cooled

by

an ice-salt bath. Powdered dry ice was added directly to the reaction
mixture to prevent its temperature from going above 0° .

This required

appr�ximately 25 lbs. of dry ice . When the addition of the mi"Xed acid
was complete, the reaction mixture was stirred for one hour and then
poured over cracked ice . The restilting mixture was diluted to 8 1.
water

and

Yd.th

extracted with 2 1 . of carbon tetrachloride . The carbon tetra-

chloride extract was washed with water and aqueous sodium bicarbonate
solution and filtered to remove resinous material . The carbon tetra-
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chloride was removed by distillation

and

the residue

was

vacuum dis

tilled to give 570-6oO g . of a mixture of 5-rd.trotetral.in and 6-nitro
tetralin, b . p . 115-14SO/1

mm .

The mixture of rd.trotetralins was divided into three equal frao
�ions by a vacuum distillation through a three-foot column packed with
glass helices .

The first fraction collected, b.p. 115-125°/1

predominately 5-nitrotetral.in and was placed in the cold room
talli ze .

mm . ,

to crys

The second fraction was put aside for redistillation.

third of the material remaining in the pot
vacuum distillation, b . p . 125-14SO/l

mm . �

was

and

The

subjected to a simple
placed in the cold room

for the 6-nitrotetral.in it contained .to crystallize .

The ceystaJ 11ne

nitrotetral.ins l'lere collected on a jacketed Buchner .fullnel cooled
ice-water and stored in the cold room.

was

by

The filtrates were kept for re

distillation with the above second fraction.
One such processing as described above gave from

6oo

g. of mixed

nitrotetralins , 125 g . of the 5-isomer, 125 g. of 6-isomer, and 325 g.
of recovered mixture .
12 .

,2-Nitro-,!-tetral.one

(LVII)

To 100 g. ( o . 56 mole) of 5-nitrotetral.in dissolved in 16oO

ml.

of glacial acetic acid and 50 ml. of concentrated sulfuric acid

in

3-1 . , three-necked flask equipped with a mechanical stirrer

added

was

a

158 g. ( 1 . 58 mole) of chromium trioxide slowly so that the temperature
did not rise above 35° .

After six hours the reaction mixture was . poured

over cracked ice, diluted to 8 1 . with water and placed in the re�ger
ator .

Arter

standing for twelve hours, the preai pitate which formed
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..

was collected on a BUchner funnel, washed with aqueous sodium bicar.

bonate and dried. The yield of the crude mixture of 5-nitro-1-tetra
lone and 8-nitro-1-tetralone was 68 g. Repeated recrystallizations
of this from ethanol gave 20 . g . of 5-nitro -1-tetralone , m.p. 102° .
81
Melting points of 102 . 5°
and 104° 71 are recorded in the literature .
13 . Attempted Reduction .2! .2-Nitro-!-tetralone
A solution of 10 g. (0.053 mole) of 5-nitro-1-tetralone in 200
ml. of methanol was added dropwise to a stirred solution o£ 1.2 g.
(0.031 mole) of sodium borohydride in 5o ml. of methanol. The reac
tion mixture was stirred for two hours, poured into 700 ml . of water
and extracted with benzene. Evaporation of the benzene left 8 g. of
a crude brown solid. Recrystallization from acetone-hexane gave, as
a first crop, 1 g. of crystalline material, m.p. 100-101° . A mixed
melting point with the starting material, 5-nitro-1-tetralone, di d not
depress .
14 . .!,-Hydro:x;y-_2-nitrotetralin (LVIII)

To 10 g. (0.052 mole) of 5-nitrotetralone dissolved in 100 ml.
of a 1.0 ! bis-( 2 , 2 1 -dimethoxy)-ethyl ether solution of sodium bore
hydride in a 250-ml . flask equipped with a magnetic stirrer was added
dropwise 17 ml. of a 2 .0 ! bis-(2 , 2 1 -dimethoxy) -ethyl ether s olution
of aluminum chloride. The reaction mixture was stirred for six hours
and then poured over 200
trated hydrochloric acid.

g.

of crushed ice containing 20
An

ml .

of concen

oil separated and was extracted into

ether. The ether extract was dried over magnesium sulfate and evapo
rated to leave 8 .5 g. of yellowish cubes, m.p . 68-70° . After two re-
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crystallizations .from methanol and one

from benzene,

this product, 1-

hydroxy-.5-nitrotetralin, still melted at 68-70° .

�· Calcd. for C1oJ111N03 : C, 62 .16; H, .5. 74; N, 7 .2.5.
Found : C, 62 .44, 62 .12; H, .5 .54, .5.49; N, 7 . 3.5' .
•

1.5 . Preparation of !-Chloro-:l-ni trotetralin (!d!)
To 13 .5 g. (0.10.5 mole) of thionyl chloride and one drop of
•

g.

pyridine in 20 ml. of benzene was added dropwise a solution of 18

(0.094 mole) of 1-hydro:xy-.5-nitrotetralin in 80 ml.. of benzene . The
solution was renuxed for one hour and then evaporated to dryness .
Vacuum sublimation of the residue followed by recrystalli zation from
benzene gave 16.1 g. (81 per cent yield) of 1-chloro-.5-nitrotetralin
as yellow needles, m.p. 32-34 .5° .
•

Anal.

Calcd. for C10H1oN0 2Cls c, .56.74J H, 4.76J N, 6.62J Cl,
16. 7.5.
Found s C , .56.86, .56.83J H, 4.64, 4.83; N, 6 .51J Cl, 16.87 .
•

16. Attempted Brominations £!: ,2-Nitrotetralin

a. � catalyzed. A mixture of 17 .7 g. (0.10 mole) of .5-nitro

tetralin and .5.9 g. of sodium methoxide in 30

ml.

of methanol was stirred

for fifteen minutes at -� . This mixture was then added dropwise with
stirring to 17 . 6 g. (0 .11 mole) of bromine in 30 ml. of chloroform at
-10 to -l,a . Cooling was discontinued and the reaction mixture was
stirred for thirty-five minutes. More obl.oroform was added to the re
action mixture which was then washed with aqueous sodium bisulfite,
aqueous sodium bicarbonate and water . Evaporation of the chloroform
left a crystalline solid which was not a lachrymator so evidently

no

12 7
C(-bromination

b.

took place .

Acid catalyzed.

The product was not farther characterized.
To 5o g. (0 .35 mole) of 5-nitrotetralin and

0.5 g. of anhydrous aluminum chloride in 5o ml . of dry ether in a 500ml. three-necked flask equipped �th a mechanical stirrer was added
dropwise 56.5 g. (0.3.$ mole) of bromine.

The reaction mixture was kept

in the dark and at 0° throughout the reaction. After four hours the
sqlvent was distilled under reduced pressure and the viscous lacheymatory
liquid remaining was placed in the cold room overnight.

The product

was collected on a BUchner tunnel to give 31.5 g. of a white crystaJJ:ine
solid, m.p. 30°.

Although the material was a potent lacbeymator an

elemental analysis indicated that only a small amount of bromination
occurred.

� · Calc. for C1oH1oN02Bra Br, 31 2
.

Found:

:\

Br 2 . 59.
,

17 . §.-Nitro-!-tetralone (LVI)
To 40 ml. of refluxing absolute ethanol in a 200-ml. , three
necked flask equipped �th mechanical stirrer, reflux condenser and
dropping funnel was added 4. 7 g. (0.20 mole) of sodium in small pieces.
The contents of the flask were protected from moisture by calcium chlo
ride drying tubes on the condenser and dropping tunnel . When the re
action nth sodium was complete, the excess ethanol was distilled.
The reaction flask was cooled in an ice-bath and 30 ml. of dry etlzy'l
ether was added.

A solution of 16.4 g. (0.95 mole) of 5-nitrotetralin

in 12 . 5 g. (0.107 mole) of amyl nitrite was added dropwise. The re
action mixture was stirred overnight and allowed to come to room temp-
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erature slowly.

After standing for two days at room temperature, the

reaction mixture was dissolved in 300 ml. of water which was then ex
tracted twice

w:i.th

ether .

Bubbling carbon dioxide through the water

solution precipitated 2 .3 g. (12 per cent yield) of the crude oxime
of 6-nitro-1-tetralone .

To l.S' ml. of methanol were added 2 g. of

the

crude oxime, 2 g. of 36 per cent formaldehyde and 2 drops of sulturic
acid.

The reaction mixture was refiuxed for thirty mi.mtes .

Four

milliliters of concentrated hydrochloric acid was added and refiuxing
was

contimed for ten minutes . The reaction mixture was poured into

water and the crude precipitate was collected on a Buchner funnel and
washed with water .

A vacuum sublimation followed by recrystalli zation

benzene-hexane gave o.S g. of 6-nitro-1-tetralone, m.p . 14S'-l47° .
1
A melting point o f l.S'S'0 i s recorded in the literature . 7
trom

16 .

Attempted Preparation of !_-Carbo.xy�-nitrotetralin (LXIII)
To 400 ml. of refiuxing absolute ethanol in a 1-1 . , tbree-necked

nask equipped

with

mechanical stirrer, renux condenser and dropping

tunnel was added 34 .5 g. (l . S' mole) of sodium.
•

The condenser and drop

ping funnel were equipped with calcium chloride drying tubes .

When the

sodium had completely reacted the solution was cooled to 1SO and 219 g.
(l.S' mole ) of dry, freshly redistilled diethyl oxalate was added.

To

this cooled diethyl oxalate-sodium ethoxide solution was added dropwise
a solution of 88 .5 g . (o.S mole) of S'-nitrotetralin in 1.50 ml. of abso
•

lute ethanol.

After standing for three d�s at room tem�rature, a 100-

ml. aliquot was taken out and worked up. No acidic solid material was
isolated.

The remainder of the reaction mixture was refiuxed for four
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hours and then diluted with 130 ml. of concentrated hydrochloric acid
and 5oo ml. . of water .

Approximately one-third o f the solvent was evap-

orated by heating the solution on the steam bath and passing a stream
of

air

The water layer was decanted and the tar remaining was

over it.

treated 'With four successive 500-ml . portions of 1 N potassium hydroxide
-

until it was dissolved .

Each portion was diluted to 1 1. with 1 N po

tassium hydroxide solution, filtered, treated with 65 ml. of 30 per
cent hydrogen peroxide, and allowed to stand three hours at room temperature .

The so;Lutions were poured onto ice and acidified

chloric acid.

w:l. th

hydro

The brown precipitate which formed was collected on a
The yield of

BUchner funnel, washed with water and air-dried.
acid was 16 . 7 g.

crude

All attempts at purification ( see 1-carboxy-6-nitro

tetralin) were futile .

19 .

Nitration of !-Haphthoic �
To a hot solution of 100 g. (0.56 mole) of J.-naphthoic acid in

5oo ml. of glacial acetic acid in a 2-1. beaker on the steam bath was
added dropwise J.OO ml. of fuming nitric acid (d

=

1.50) .

The reaction

solution was heated for three hours and then dUuted with 10 1. of icewater .

The yellow precipitate was collected on a BUchner funnel, washed

with water and dried at 100° to give 123 g. of a crude mixture of 5- and
6-nitronaphthoic acid .
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20 . Preparation _!:!!! Separation of 2-Amino-!,-naphthoic Acid and !,,§.
Naphtholactam (Lnv)

A solution of 9.7 g. (o.o45 mole) of a mixture of 5-nitro-1-

naphthoic acid and 8-nitro-1-naphthoic acid in 30 ml. of concentrated
ammonium hydroxide and 30 ml. of water was added to a solution of 150
g . (0 .71 mole) of ferrous sulfate septahydrate in 320 ml. of concen
trated ammonium hydroxide and 370 ml. of water . The reaction mixture
was stirred at 80° for two hours. The reaction mixture was diluted
w.l.th 1 .1. of water, heated to boiling on a hot-plate and filtered. The
filtrate was cooled and the precipitate which formed was collected on a
BUchner

funnel .

The precipitate was dissolved in 1 1. of hot water

which was then cooled. The precipitate was collected and washed thor
oughly with dilute sodium hydroxide . It was recrystallized once from
give

2 g. of 1, 8-naphtholactam, m.p . 182-184° . Melting
points of 178° and 181° are recorded in the literature . l04,l05,l06
ethanol to

Neutralization of the basic washings gave 2 . 5

g.

of 5-amino-1-naphthoic

acid, m.p. 200-204° . Melting points of 212° and 199° are recorded in
the literature. 107
21. Reduction of !,,§.-Naphtbolactam
To a solution of 3 .0 g. (0.018 mole) of 1, 8-naphtholactam in 75
ml. of ammonia and 3 ml . of absolute ethanol in a 200-ml. flask equipped
with magnetic stirring bar and

Dry

Ice condenser was added 2 . 3 g,

(0.057 mole) of potassium in small pieces . When this amount of potassium had been added, the blue color persisted for about one minute .
The ammonia was allowed to evaporate and the residue was triturated
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with ice -water, collected on a &lchner tunne l , washed with more water
and air -dried .

Two re crystallizations of this material from ethanol

water gave a yellow powder , m . p .
vestigated turthar; it may

22.

be

This ma terial was not in

a salt .

Attempted Reduction � �

A solution of

255-26o0 •

Sodium � � �-Amino-,!-naphthoic �

( 0 . 018 mole ) of 1, 8 �phtholactam and 1 . 1 g .

3 g.

(0.018 mole ) of sodium hydroxide was prepared

in 100 ml. of water .
steam bath..

by beating

the two together

The solution was then evaporated to dryness

The residue was powdered

and

dissolved in

l.OO ml .

of

on

l.iquid

ammonia in a 200-ml . fiask equipped with DBgnetic stirr ing bar and

Ice condenser.

To this

was

(0. 043 mole ) of potassium

s is ted for one minute ) •

addad 4 ml. of absolute ethanol and

in small

hydrochloric

Bii.clmer funnel and washed vith water .

2.5

g. of yellow powder.

.

Dry

4 g.

pie ce s (until tb3 blue col.or per

and

The ammonia was allowed to e vaporat,e

residue was triturated with dilute

2

the

acid, colls cted on a

The :residue was air-dried to give

Re crystallization of this mater ial

from

gave yellow crystals which subl:lmed at 16o0 ami melted at 184 -18
ultraviolet spectrum of the material has a broad maximum at 245

benzene

SO .

� with

starting JIBterial, 118 11&phtbolactam.
Calcd . far

Found s

CuH�Os C , 77

C , 77.94 ,

78 . 09;

The

The material. is assumed to be

a mol.ar extinction coefficient of 10700 .

Anal ..

the

..

H,

17 1 H, 5 . 30J N, 8 .18
4 . 55 , 4.17;

N,

8 .J.5,

8 . 28 .
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0 . Preparation of 2-Substituted Dibydronaphthalenes
1.

Attempted Acid-catalyzed Brcmination � .£-Nitrotetralin
To 5o g. (0.35 mole ) of 6-nitrotetralin and o . 5 g. of anhydrous

aluminum chloride in 5o ml . of dry ether in a 500-ml . , three-necked
flask equipped with a mechanical stirrer was added dropwise 56.5 g.
.
(0.35 mole ) of bromine. The reaction mixture was kept in the dark and
at 0° throughout the reaction.

After four hours the solvent was dis

tilled under reduced pressure and the viscous lacbcymatoey liquid re
maining was placed in the cold room overnight ,

The product was col

lected on a BUchner funnel to give 33 g. of a white crystalline solid,
m.p. 28° .

Although the material was a potent lachrymator , an elemental

analysis indicated that only a small amount of bromination occurr e d.
2.

Attempted Preparation of !-Carboxy-_2-nitrotetralin (LXIII)
To 400 ml. of refluxing absolute ethanol in a 1-1 . , three-necked

f'lask equipped with mechanical stirrer , ref'lux condenser and dropping
funnel was added 34.5 g. (1.5 mole ) of sodium.

The condenser and drop

ping funnel were equipped with calcium chloride drying tubes .
sodium had completely reacted, the solution

was

When

the

cooled to 1SO and 219 g .

(1.5 mole ) of dry, freshly redistilled diethyl oxalate was added.

To

th:iis cooled diethyl oxalate-sodium etho::xid.e solution was added dropwise
a solution of 88.5 g. (0.5 mole) of 6-nitrotetrailin 150 ml. of absolute
ethanol .

After standing tor two da;ys at room temperature , 100 ml . of

concentrated hydrochloric acid in 5oo

ml.

ot water was added.

Approxi

mately one-third ot the solvent was evaporated by heating the solution
on the steam bath and passing a stream of air over it.

The water layer
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was decanted and the tar remaining was treated

w.i.th

four successive

500-ml. portions of 1 !! potassium hydroxide until it was dissolved.
Each portion was diluted to 1 1. with 1 !! potassium hydroxide solu
tion, filtered, treated with 65 ml. of 30 per cent hydrogen peroxide,
and allowed to stand three hours at room temperature . The solutions
were poured onto ice and acidified

wL th

hydrochloric acid. The thick

brown precipitate which formed was collected on a BU.chner funnel,
washed witli water and air-dried. The yield of crude material was
89 g. Purification by dissolving in sodium bicarbonate solution and
reprecipitating with acid gave a yellow powder, m.p . 155-16o0d. An
analytically pure sample was not obtained. Other methods of purifica
tion which were tried and which failed included treatment

w.i.th

bone

charcoal, recrystallizations from various acetic acid-water mixtures,
dimethyformamide, nitrobenzene, water with a trace of detergent added,
and all conunon organic solvents . A vacuum distillation of the methyl
ester (which decomposed) and elution from an ion exchange c olumn (IR
400) also failed.

!!!!!_ . Calcd. for CuHnN04t

c,

59.72; H, 5 .01; N, 6.33 .

Found: C , 68 .08; H, 4.85; N, 6.6o .

3 . Attempted Preparation of .!-Bromo-�nitrotetralin
To 5oo ml. of water containing 11 . 2 g. (0.20 mole) of potassium
hydroxide was added a filtered tetrahydrofuran solution of

44

g. (0.20

mole) of crude 1-carboxy-6-nitrotetralin, m.p. 155-162d. A solution of
31.4 g. (0.22 mole) of silver nitrate in 100 ml. of water was added

slowly with stirring. The precipitated silver salt was collected on a
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BUchner tunnel, washed with water and air-dried. The silver salt was
powdered and dried three days at 6� in a vacuum oven. In

a

200-ml. ,

three-necked nask, equipped with magnetic stirrer and dropping .f'unnel
were placed 10 g. (0.031 mole ) of the silver salt and 70 ml. of carbon
tetrachloride which had been dried over phosphorus pentoxide. To re
move the last traoes of water 20 ml. of the carbon tetrachloride was
distilled. The reaction mixture was cooled in an ice-bath and S g.
(0 . 031 mole) of bromine in 10 ml. of carbon tetrachloride was added
over a ten minute period. The reaction mixture was refiuxed for two
hours and the gases liberated by the reaction were bubbled through
aqueous calcium hydroxide. The Hundsdiecker reaction occurr e d to a
very limited extent as estimated by the amo\Ult of calcium carbonate
formed. The reaction mixture was filtared and the carbon tetrachloride
solution was washed with water and aqueous sodium bicarbonate and evapo
rated to dryness . A minute residue of u,ni.dentified material remained.
This experiment was repeated four times with slight variations in the
procedure but with the same lack of success .
4. Attempted Schmidt Reaction With !-Carbo:x;y-_2-nitrotetralin
This reaction was run in a good hood. To a mixture of 10 g.
(o.o4S mole) of crude 1-carboxy-6-nitrotetralin, 4o ml. of concentrated
sulfuric acid and 6o ml. of chloroform was added

l'd. th

stirring at S0-

550, 3.2 g. (o.oS mole) of sodium azide in small portions. After

811

of the azide had been added the mixture was heated for another thirty
minutes at So0, diluted with ice and made alkaline with potassium hy
droxide pellets. There was very little solid material in the basic

13S
solution so evidently no l�ge amount of amine was formed.
S . £,§. 1 -Dinitro-.!_,,g,, J,lh�'�'J!,' �-octahydro-!, 1 1 -binaphthll (iii)

When in the attempted preparation of 1-carboJcy-6-nitrotetralin

the basic solution was filtered just prior to treatment with hydrogen
peroxide, a yellow-brown precipitate was left on the paper .

This

pre

cipitate was washed once with hot ethanol and recrystallized from ace
tone to give small, light yellow crystals, m.p. 201-202° . Because of
analogous reactions in the literature74 the compound is formulated as

6,6 1 -dinitro-1,2,3,4,1 1 ,2 1 ,3 1 ,41 -octahydro-1,1 1 -binaphthyl.
Anal . Calcd. for C 2oH2oN204 : c , 68 .17 ; H, S.'7 2J N, 7.9S .
Found : c , 67 .90; H, S.66; N, 1 .19 .

6. §.-Nitro-!-tetralone (LXX)
To 100 g. (O.S6 mole) of 6-nitrotetralin di ssolved in 16oo ml. .
of glacial acetic acid and So

ml .

of concentrated sulfu.ric acid in a

3-1. , three-necked flask eqUipped with a mechanical stirrer was added
1S8 g. (l.S8 mole) of chromium trioxide slowly so that the temperature
did not rise above 3SO . After six hours the reaction m:lxture was
poured over cracked ice, diluted to 8 1. with water and placed in the
cold room. After standing for twelve hours, a semi-solid precipitate
formed on the bottom of the container . The water layer was decanted
and the precipitate was extracted repeatedly with hot hexane which on
cooling gave 40 g. (37 per cent yield) of yellow crystals . One re
crystallization from absolute ethanol gave colorless ceystals, m.p. 1181190 . A melting point of 118° is recorded in the literature . 82
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7 . �-Amino-.!,-tetralone (LXXI)
A solution of 108 g. (0.48 mole) of reagent-grade stannous chlo
was

ride in 150 ml. of ethanol

added in portions to 30 g. (0.156 mole)

of crude 6-nitro-1-tetralone in 300 ml . of ethanol. When the initial
vigorous reaction had subsided the reaction solution was heated on the
steam bath and evaporated to one-third of its original volume by a
stream of air. It was then poured over 1000 g. of crushed ice and the
resulting mixture was diluted to 2 1 .

w.ith

water . Solid sodium hydroxide

was added to the mixture untill all of the tin was in solution as the
stannate ion. The yellow precipitate remaining was collected on a
BUchner .funnel , washed with water and air-dried to give 22 g. of crude
6-amino-1-tetralone. Becrystallizations from boiling water and from
hexane. gave red needles, m. p. 125-128° . These needles
limed

and

130-1310

were

vacuum sub-

recrystallized from benzene to give colorless £lakes, m.p.

•

Anal .

Calcd. for C1oH11N0 : C, 74.5lJ H, 6.88; N, 8 . 69.
Found: C, 74. 82; H, 6.77; N , 8.42 .

8 . 1-Nitro-.!,-tetralone (LXXII )
A 1-1. three-necked nask equipped with mechanical stirrer, drop

ping funnel and thennometer and containing 220 ml. of concentrated sul
fUric acid was placed in a

Dry

Ice-acetone bath. To this was adde d 100

g . ( 0 . 70 mole) of 1-tetralone without allowing the temperature to rise
above 0° . A solution of 50

ml.

of fuming nitric acid (d

=

1.50) and

110 ml. of concentrated sulfuric acid was added dropwise keeping the
temperature below -15° . The reaction mixture

was

then im.ediatel.y
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stirred into 2000 g. of crushed ice and diluted to 5 1. with water .
The precipitated material was collected on a BUchner funnel and washed
several times with water . The precipitate was placed in 1 1. of water
in a 3-lo beaker and stirred mechanically. Sodium bicarbonate was
added until the mixture became slightly basic and the precipitate was
recollected on a BUchner funnel and washed

w.i.th

water . One recrystal

lization from 95 per cent ethanol gave 120 g. of crude product. Re
crystallization of the crude product from ethyl ether-hexane gave 7nitro-1-tetralone as White needles, m.p. 104-105° . Melting points of
105° and 106° are recorded in the literature . 8l,8.3 Evaporation of the
mother liquors yielded a mixture of 7-nitro-1-tetralone and 5-nitro-1tetralone.
9.

1-Amino-.!_-tetralone (LXXII I)
A solution of 240 g. ( 1.07 mole) of technic� stannous chloride

in 300 ml. of ethanol s�turated with hydrogen chloride was added in por
tions to

60

g. ( 0. 31 mole) of crude 7-nitro-1-tetralone in 6oo ml . of

ethanol . When the initial vigorous reaction

bad

subsided the reaction

solution was heated on the steam bath and evaporated to one-third of
its original volume by a stream of

air .

It was then poured over 2000

g. of crushed ice and diluted to 4 1. total volume with water . Solid
sodium hydroxide was added to the mixture until all of the tin was in
solution . The yellow precipitate remaining was collected on a Btlohner
funnel, washed with water and air-dried. The yield of crude 7-amino1-tetralone was 47

g.

( 93 per cent of the theoretical yield) melting

138-140° . Melting points of 136° and 140° are recorded in the literat:ure . 83,81
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10 . !_-Hyd.rox;r-1-aminotetraJ.in (LXXIV)
To a slurry of 5.1 g. (0.135 mole) of sodilDil borohydride and one
pellet of potassium hydroxide in 20 ml. of methanol in a 1-1 . , three
necked fiask equipped with mechanical stirrer was added in small por
tions a solution of 22 g. (0.135 mole) of 7-amino-1-tetralone in 350
ml . of methanol.

The reaction mixture was stirred for two hours and

then heated on the steam bath and evaporated to one-half of its original
volume under a current of

air .

The solution was diluted with 100 ml.

of water and the evaporation was continued until most of the alcohol
was gone . The organic material. was extracted into benzene and the
benzene evaporated. Two recrystallizations from benzene gave 18 g. (82
per cent )'ield) of 1-hydro:x:y-7-aminotetralin, m.p. 96-97° .
Anal . CaJ.cd. for C1oH13NO : C , 73.59J H, 8 .03J N, 8 .58 .

Found: C, 73 .49J H, 8.12J N, 8 .38 .

11 . Attempted Del1ydration £f !,-Hydrox;y-1-aminotetraJ.in � Thio&l

Chloride and Pyridine
A solution of 4.4 g. (0.032 mole ) of thionyl chloride in 15 ml .
of

dry

ethyl ether was added dropwise t o a solution of 5 g. (0.030 mole)

of 1-hydro:x:y-7-aminotetralin in 15 ml. of dry pyridine in a 100-ml. .
fiask equipped with magnetic stirrer, refiux condenser and dropping
funnel . After aJ.1 of the thionyl chloride had been added, the reaction
mixture was refiuxed for two hours, diluted with ice and extracted with
ether. Evaporation of the ether gave an intractable yellow

gum.

1.39
12 . !-Acetox;y-1-acetamid.otetralin (�)
To $.0 g. (0.020 mole) of 1-hydroxy-7-aminotetral.in in So
dry pyridine was added 22 ml . of acetic anhydride.

ml.

of

The solution was

heated for five minutes on the steam bath and then poured onto cracked
ice . This was diluted to 7SO ml. with water and the precipitated di
acetyl derivative was collected on a BUchner tunnel and washed with
water.

Two

recr,ystallizations from benzene gave 4.9 g. (6S per cent

yield) of White crystalline 1-aoetoxy-7-acetamide,

m.p

•.

156-157° .

!!!!! · Calcd. for Cl4H17N0.3 : C , 67 . 99 J H , 6. 9.3J N, 5. 66 .
Found: C, 68.l8J H, 7.06J N, 5.15.
13 . g_-Ami.no-2,.§-dihydronaphthalene (LXXVI I)
A small di stillation apparatus was set up containing 20 g. of
solid 1-acetoxy-7-acetamidotetralin. At a pot temperature of 230-2Lo0/
25

nnn . ,

and

4. 6 g. of acetic acid was distilled and collected. On cooling

scratching, the glassy residue, 15 g. was converted into a wbite

waxy

solid, m.p . 60-62 ° . The residue, crude 2-acetamid.o-5,6-dihydro

naphthalene, was mixed with 45 ml. of ethylene glycol and 8.3 g. of
potassium hydroxide and refiuxed for three hours. The reaction mixture
was then poured into 300 ml. of ice water. The wbite solid which pre
cipitated was collected on a Bttchner

funnel ,

washed with water and dried

to give 11.7 g. of material, m. p. $2-54° . When this material
distilled, b.p. 114°/0. 2
68-69° , were obtained.
na.phthalene has a
$430 .

nnn.

The

maximum

was

vacuum

and · recrystalli zed from hexane cubes, m.p.
ultraviolet spectrum of 2-amino-5,6-dihydro

at 267 mp. w.lth

an

extinction coefficient of

140

� · Calcd. for C1oH11Ns C , 82 . 72 ; H, 7 . 64; N, 9 . 65 .
Found:
14.

C, 82 . 84j 82.98; H, 7.56.�� 7 • 62; N, 9 .83 .

,g,-Aceta.mido-.2,,£-dihydronaphthalene (LXXVI )

A mixture of 1 go of 2-amino-5,�� 6-dihydronaphthalene and 1 g. of
acetic anhydride in a
on the steam bath.
washed

with

small

The reaction mixture was taken

to

up

in ether and

aqueous sodium bicarbonate . Evaporation of the ether left

a White crystalline solid
benzene

Erlenmeyer .t'l.ask was heated for five minutes

Which

was recrystallized once from hexane

give white platelets, m.p. 69-70° of 2-acetamido-5,�� 6-di
!J

hydronaphthalene.

Anal . Calcd. for C12H1J0Ns C , 76.97; H, 7 .00; N, 7 .48 .
Found:

C, 76. 65; H, 6.99; N, 7 . 44 .

15 . 1-Methylene-.§-a.minoindane (LXXVIII) .2!: .J.-Methyl-,2-aminoindene (LXXIX)
A small vacuum distillation apparatus was set up containing 8 g.

of crude solid, 1-hydroxy-7-aminotetralin and a few crystals of iodine.
At a pot temperature of 250° some material, b.p. 120°/0.3

mm . ,

distilled

and was collected and cooled to give 3 . 7 g. ( 52 per cent yield) of white
solid, m.p. 38-40° . One recrystalli zation from benzene-hexane gave
fluffy

wh1 te

flakes, m. p . 45-46° .

The

u1traviolet

spectrum has a maxi

mum at 311 mp. and a shoulder at 262 mp. with extinction coefficients of
1950 and 5450 respectively.

The

compound is believed to be either 1-

methylene-6-aminoindane or the isomeric 3-methyl-5-aminoindene .
Anal .

Calcd. for C1oH11N:
Found:

C, 82 . 72 ; H, 7 . 64; N, 9 . 65.

C, 82 . 78; H, 7 . 47; N, 9.57 .

16.

1:,-Jletb.ylene-§:-acetamidoindane 2£ ,l-Metb.yl-�acetamido:Lndene
A mixture

of 1 g. of 6-amino-1-m.ethy.l.eneindane or .$-am:Lno-3-

metl'o'indene and 1 g. of acetiQ anqdride in a sma.U ErleJDJ1818r flask
was heated for f1ve :m:1.nutes on the steam bath.

The reaction mixture

waa taken up in ether and washed w1th aqueous sodium bicarbonate .
Evaporation of the ether lett a wb1te crystalJ 1ne solid which was C%'78tal.limed from hexane-benzene to give white needles, m.p. 74-7.$0 .

A

mixed melting point w.Lth 2-acetamido-.$16-clib1dronaphthalene depressed
Blight17.
!!!!:1 ·

Foundt

17 .

01 76. 97 J H, 7 .. OO J N, 7.48

Oalcd. for 012H1JON1

01 76 • .$lJ H, 7 .00J

N,

1• .$9 .

!-!,!-Dimet!qamino-21.2-dihldl'onaphthal.ene

(LXXX)

To a mixture of 12 .6 g. (0.1.$ mole) of sodium bicarbonate, 7 . 2.$
g.

(o.o.$ mole) of crude 2-amino-.$, 6-clib1drona.phthalene and 2.$

ml. .

of

water in a 100-ml.. flask eqaipped with magnetic stirrer and dropping
fUnnel was added dropwise 1.$.8 g . (0 .12.$ mole) of dfmet�l sulfate .
Attar $1iirring for two houriS at room temperature the reaction mi.xture

was extracted Tdth chloroform.

The chloroform was evaporated and the

residue was heated for t:l.fteen minutes on the steam bath w1 th .$ g. of
acetic anhydride.

The resulting mixture was dissolved in chloroform

wbich was in turn washed w1th aqueous sodium bicarbonate and dried
over sodi1lDl carbonate.

The chloroform was evaporated and the residue

vacnmm distille d to give 1.1 g.

(13

amino-.$ ,6-dibydrona.phthal.ene as a
1170/0. 6 mm .

per cent yield) of 2-N,H-dimet�l

)'allOW

liquid,

ua3

1.6o9.$, b.p. 116-
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Anal .

Calcd. for C12H15N:
Found :

C , 83 .19; H, 8 . 73; N , 8 . 09.

C , 82 .92; H, 8 .74; N, 8 . 24 .

18 . _g_-Hydro:x;r-z,_2-dihyc1ronaphthalene (LXXXI )
a.

Diazotization £f £-amj no-2,_2-dihydronaphthalene . A finely

divided precipitate of amine-sulfate was formed by dissolving 7 . 25 g.
(0.05 mole) of 2 -amino-5,6-dihydronaphthalene in 30 ml. of 6 ! sul
furic acid in a 200-ml. beaker and cooling the resulting solution to
0° with stirring.

A solution of 3 . 55 g. ( o . o5 mole) of 95 per cent

sodium nitrite in 15 ml. of water was added slowly down the side of the
beaker .

The reaction mixture was stirred vigorously by hand and the

temperature was kept below 3° by adding ice directly to it.

The

diazonium salt solution formed was added dropwise with stirring to 4oo

ml . of hot 10 per cent sulfuric acid in a 1-1. beaker. lVhen the aqueous
layer had cooled., i t was decanted and

the

tarry residue was dissolved

in ether. The ether was removed !!! vacuo and the residue subjected to
two vacuum sublimations .

The 1.1 g. (15 per cent yield) of crude crys

talline material obtained was recrystallized once from hexane-benzene
to give 2-hydroxy-5, 6-dihydronaphthalene as silken white needles, m. p .
89-90° .
bo

Diazotization 2f !-hy<iro:xy-1-aminotetralin. A solution of

7 . 1 g. (0.10 mole) of 95 per cent sodium nitrite in 15 ml . of water was
added slowly to a stirred solution of 16.3 g. (0.10 mole) of 1-hydroxy7-aminotetralin in 60 ml . of 6 ! suli'uric acid.

The temperature of the

reaction mixture was kept between 0° and � by use of an ice-salt bath.
When the addition was complete the reaction mixture was :further stirred

for one hour at 0° .

The diazonium salt solution was then added drop

wise to a boiling solution of 90 ml. of water and 10 ml. . of concen
trated sulfu.rlc acid. After five minutes the resulting mixture was
cooled and extracted with ether . The ether extract was extracted with
aqueous potassium hydroxide which was in turn acidified.

The

precipi

tated naphthol was taken up in ether and the ether was distilled under
reduced pressure.

The viscous residue was vacuum sublimed to give 3 g.

(20 per cent yield) of yellow crystals.

Two

recrystalli zations from

hexane-benzene gave 2-hydro::xy-5,6-dihydronaphthalene as silken white
needles , m.p. 89-90° . The ultraviolet spectrum of 2�hydrox;v-5, 6-d:iby
dro�phthalene has

ms.xima

at 262 11l}l' 270 mp. and 304 mp with extinction

coefficients of 6125, 4980 and 2400 respectively.
Anal .

Calcd. for C1oH120 2 : C, 82 .16; H, 6.90 a
Found: C , 82 .07 ; H, 7.23.

19 . I-Methoxy-_!-tetralone (LXXXII I)
A finely

elivided

precipitate of amine-sulfate was produced by

dissolving 32 . 4 g. (0 . 20 mole) of 7-amino-1-tetralone in 120 ml . of 6 !
sulfuric acid in a 1-1 . beaker with vigorous hand stirring and cooling
the resulting solution to 0° in an ice-salt bath. A solution of 14. 2
g. (0.20 mole ) of 95 per cent sodium nitrite in 6o ml . of water was
added slo\vly down the side of the beaker. The temperature was kept be
tween 0° and 3° b,r adding ice directly to the reaction mixture . The
diazonium salt solution was added dropwise to a stirred solution of 1500

ml. of 10 per cent sulfuric acid which was heated on the steam bath.
The reaction mixture was heated for thirty minutes after the addition

was complete and then cooled overnight in the refrigerator. The
crude crystalline product 1m.s collected on a BUchner

funnel ,

washed

with water and dried. The yield was 26 g. or 80 per cent of the
theoretical yield.
To a solution of 31 g. (0.19 mole) of the crude 7-hydro�-l
tetralone and 10.8 g. (0.19 mole) of potassium hydroxide in 100

ml .

of water in a Soo-mJ.. , three-necked flask equipped with mechanical.
stirrer, dropping funnel and reflux condenser was added dropwise 24.S
g. (0. 19 mole ) of dimethyl sulfate . The reaction mixture was stirred
for one hour at room temperature attar addition was c omplete . The re
action mixture was made basic and steam distilled to give 21.7 g. (6S
per cent yield) of white crystalline material. One recrystalli zation
from hexane gave l8 .S g. of 7-metho�-l-tetral.one, m.p. 6<>-62° . Evapo
ration of the mother liquor gave an additional. 2.3 g. of material melt
ing So-SSO . Melting points of 61°, 62°, 63° and 67° are recorded in
the literature . 84, 8S, B 6, 87
20 . !-Hydroq-1-methox;vtetral.in (LXXXIV)
A solution of l8 .S g. (0.104 mole) of 7-metho�-l-tetral.one,

m.p. 60-62 ° , was dissolved in 100 ml. of

dry

ethyl ether and added drop

w.tse to 3 . 8 g. (0.10 mole ) of lithium aluminum �ride in So

ml .

of

dry

ether in a Soo-ml. flask equipped with mechanical stirre r and dropping
funnel . After three howe the excess lithium aluminum hydride was decomposed with wet ether and the inorganic hydroxides were dissolved by
addition of dilute hydrochloric aoid. The ether layer was separated
and the aqueous solution remaining was extracted tw.Loe with ether. The

ether extracts were combined, washed with aqueous sodium bicarbonate
and dried over sodium sulfate .

Evaporation of the ether lett 13 .2 g.

of white crystalline material melting 31-33° . No fUrther purification
was effected.

�· Calcd. for CllH1402 :
c,

Found:

c,

74.13; H, 7 .92 .

74. 55; H, 1 .93 .

21. �-Methoxy-_2,§.-d:i.l1ydronaphthalene (LXXXV)
The 13 . 2 g. of 1-hydrox:y-7-methox:ytetralone was vacuum distilled,
b.p. 125°/0 . 2

mm . ,

in an attempt to purify it. Instead 7 .9 g. of a non

viscous liquid was obtained. This liquid rapidly became discolored al
though stored in a sealed ampule in a cold room. A redistillation, b.p.
105°/0.15 mm. , N 9 1 .5715, gave 3.3 g. of a clear liquid. The remaining

5

4. 6 g. polymeri zed in the distillation pot to form a hard transparent
resin. The liquid, 2-methox:y-5, 6-dihydronaphthalene, has
spectrum with

maxima

an

ultraviolet

at 261 mp and 302 mp with extinction coefficients

of 6090 and 2340 respectively.
Anal . Calcd. for CllH120 :
Found:

c,

c,

82 .46; H, 7 .55 .

81 .40; H, 7 . 24.

22 . 1-Cbloro-!-tetralone (LXXXVI )
Fresh cuprous chloride was prepared by adding a solution of 9.5
g. (0.050 mole) of sodium bisulfite and 8 . 4 g. (0.150 mole) of potassium
hydroxide in 75

ml .

of water in portions to a

warm

solution of 43 .0 g.

(0.170 mole) of hydrated copper sulfate and 36.0 g. (0.062 mole) of
sodium chloride in 150

ml.

of water. The supernatant liquid was de-
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canted and the white cuprous chloride was washed several times with
cold water by decantation .
mixture of 180

ml .

acid and cooled in

The cuprous chloride was dis solved in a

of water
an

and

ml .

180

of concentrated hydrochl.oric

ice-bath.

A paste of amine hydrochloride was formed by dissolving 16.1 g.
(0.10 mole) of 7-amino-1-·tetralone in a
centrated hydrochloric acid and 45
and cooling it to 0°

in

an

ml .

ice-bath.

of 95 per cent sodimn nitrite in 25
side of the beaker.

warm

mixture of 45 ml. . of con

of water in a 500-ml. beaker

A solution of 7 .10 g. (0.10 mole)
ml .

of water was added down the

The reaction mixture was stirred by hand and ice

was added to the beaker to keep the temperature below 2° .

The diazonium

salt solution was stirred irtto the previously prepared cuprous chloride
solution and the resulting complex was allowed to stand overnight.
Steam distillation of the reaction mixture yielded 14. 4 g. of crystalline
solid.

Recrystallization from hexane gave 11 g. (61 per cent) of 7-

chloro-1-tetralone� m.p. 9?-98° .
83 l
corded in the literature . , 8
23 .

Melting points of 94° and 97° are re

!,-Hydrog-1-chlorotetralin (LXXXVI I )
To 2 . 0 g. (0.053 mole) of lithimn aluminum hydride in 100 ml. of

anhydrous ethyl ether in a 1-1 . , three-necked flask equipped with mechani
cal stirrer and dropping funnel was added 11 . 0 g. (0 .061 mole) of 70

chloro-1-tetralone, m.p . 97-98 , in 200

ml.

of anhydrous ether.

After

three hours the excess lithium aluminum hydride was decomposed by add-

ing wet ethyl ether dropwise . Dilute hydrochloric acid was added
dissolve the inorganic hydroxides .

to

The ether lqer was separated, washed
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vd th

aqueous sodium bicarbonate and dried over sodium sulfate .

The

ether was evaporated in a curr ent of' air and the residue was dissolved
in hexane and placed in an ice -bath . The yield of' white crystals of
1-hydroxy-7-chlorotetralin, m.p . 40-41°, was 10. 4 g. (92 per cent of
the theoretical yield) .

Anal . Calcd. for C1oH110Cl: C , 65.75; H, 6.07; Cl, 19.41 .
Found: C > 65 . 73 ; H� 6.03 ; 01, 19 . 68
24.

Phenylurethan of' 1,-Hydro:xy-I-crW.orotetral.in (XC)
A mixture of' 10. 4 g. (0.057 mole) of' 1-hydroxy-7-chlorotetralin

and 8 .0 g. (0.060 mole) of' phe��l isocyanate
bath f'or fifteen minutes in

an.

\¥aS

heated on the steam

Erlenmeyer nask equipped with a calcium

chloride drying tube . One recrystallization from benzene-hexane gave
18 .7 g. ( 88 per cent yield) of' the phenylurethan of 1-bydroxy-7-chloro
tetralin as a white powder melting 115-116° .

�· Calcd. for C17H160 2ClN� C, 67 . 66; H, 5. 35; N, 4.64;
Cl, 11.75 ..
Found: C, 68 . o6; H, 4. 85; N, 4.15; Cl, 11.62 .
25. �-Chloro-,2,£-dib;ydronaphthalene (XCII)
A vacuum distillation apparatus was set up containing 16. 0 g.
of' the phenyl 1.1rethan of 1-hydro:xy-7-chlorotetralin. A vacuum distil
lation, 16o-18S0C/50
inated

vdth

DDll . ,

gave 2-chloro-5, 6-dihydronaphthalene contam

diphenylurea and basic organic material . The distillate

was dissolved

in

ether, washed with dilute hydrochloric acid, aqueous

sodium bicarbonate and water and dried over s odium carbonate . The
ether was evaporated and the residue was dissolved in hexane and f'il-
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tared through 10 om. of activated alumina. A vacuum distillation
gave 3 .6 g. (45 per cent yield) of 2-ohloro-5.,6-dibydronaphthalene
3 1.5868, b.p. 164° /65 mm . The
as a non-viscous colorless liquid,

ufi

ultraviolet spectrum of 2-chloro-5,6-dihydronaphthalene has

maxima

at 2625 mp, 293 mp and 304 mp. with extinction coefficients of 8330,
1430 and 1125 respectively.
�· Calcd. for C1QH9Cls C, 72 .95J H, 5.51; Cl, 21.54 .
FoundZ C, 13 .16; H, 5.39; Cl, 21. 25.
26. 1-Bromo-!-tetralone (LXXXVII I)
Fresh cuprous bromide was prepared by adding a solution of 19 .0
g. (0.10 mole) of sodium bi sulfite and 16.8 g. (0.30 mole) of potassium
hydroxide in 100 ml . of water in portions to a
(0.34 mole ) of hydrated copper sulfate

and

warm

solution of 86.0 g.

5o g. (o.48 mole) of sodium

bromide in 2.50 ml. of hot water. The supernatant liquid was decanted
and tbe wldte cuprous bromide
by decantation.

"WaS

washed several times with c old water

The cuprous bromide was dissolved in 100 ml. of water

and 150 ml. of 48 per cent hydrobromic acid and cooled in an ice bath.
A paste of amine-hydrobromide was prepared b.Y dissolving 32 . 2

g.

(0.20 mole) of 7-amino-1-tetralone in 130 ml. of water and 70 ml. of
48 per cent hydrobromic acid in a 500-ml . beaker and cooling to 0° in
an ice-salt bath. A solution of 14. 2 g. (0.20 mole) of 95 per cent
sodium nitrite in So ml . of water was added down the side of the beaker.
The reaction mixture was stirred by hand and ice was added to the beaker
to keep the temperature below 3° . The diazonium salt solution was
stirred into the previously prepared cuprous bromide solution and the

resulting complex was allowed to stand overnight. A steam distillation
of the reaction mixture yielded 31 . 6 g. of white crystalline 7 -bromo-1tetralone. Recrystallization from hexane gave a first crop of 25 g.
(56 per cent yield) of white needles , m�po 78-79° . A melting point of
77° is reported in the literature . 88
27 . !-Hldrox;r-1-bromotetralin (LimX )
To 2 .0 g. (0.053 mole) of lithium aluminum hydride in 100 ml . of
anhydrous ethyl ether in a 1-1 . , three-necked flask equipped with mechani
cal stirrer and dropping funnel was added 18o 7 g. (Oo083 mole) of 7bromo-1-tetralone, m.p. 78-79° 11 in 200 ml. . of anhydrous ether . Attar
three hours the excess lithium aluminum hydride was decomposed by add
ing wet ethyl ether dropwise . Dilute hydrochloric acid

'WB.S

added to

dissolve the inorganic hydroxides and the ether layer was separated.
The water lqer was extracted twice with ether and the combined ether
extracts were washed

w:l. th

aqueous sodium bicarbonate and dried over

sodium sulfate. Evaporation of the ether lett 17 .9 g. (96 per cent
yield) of white cr,ystalline 1-hydroxy-7-bromotetralin which melted Sl520 after one recrystalli zation from hexane .

�· Calcd. for C1QH110Br: C, 52 . 88; H, 4.88; Br, 35.19 .
Found: C, 53 .19; H, 4u77; Br, 35 . 2 .
28 . Phenylurethan of !-Hydrox;y-1-bromotetralin
A mixture of 4.95 g. (0.022 mole) of 1-bydroxy-7-bromotetralin
and 3 .0 g. (0.025 mole) of phenyl. isocyanate was placed in an Erlenmeyer
flask equipped with a calcium chloride

drying

tube

ani

heated for fifteen

minutes on the steam bath. The mixture was cooled, washed with benze:pe
and recr,ystalli zed from hexane to give 6.5 g. (85 per cent yield) of
the phenylurethan of 1-hydroxy-7-bromotetralin as silken needles, m.p.

129-131°.

!!!!:! · Cal.cd. for C17H160 2NBrs C, 58 .97 ; H, 4. 66J N, 4.05J
Br, 23 .08
Founda
29 �

C , 59 . 34; H, 4.42; N� 4.49; Br, 22 . 3 .

£-�-_2,_2-dih;Ydronaphthalene (XCIII)

A solution of 35.7 g. of 1-hydroxy-7-bromotetralin, 250 ml. of
dr,y pyridine and

125 ml. of aceti,c anhydride was heated for twenty

minutes on the steam bath in an Erlenmeyer flask equipped with a calcium
chloride drying tube.

The reaction mixture was poured into 6oo ml . of

ice water and extracted with ether. The ether extract was washed

Td.th

dilute hydrochlorie acid, aqueous sodium bicarbonate and water, dried
over magnesium sulfate and evaporated.

The

liquid residue was placed

in a distillation apparatus and heated to 270-295° until no
acetic acid distilled.

fUrther

The residue was dissolved in hexane, washed

with aqueous sodium bicarbonate, dried over potassium carbonate and filtared through a column of activated alumina.

Evaporation of the hexane

and vacuum distillation of the residue gave 24. 3 g. (74 per cent yield)
of 2-bromo-5, 6-dihydronaphthalene as a colorless non-viscous liquid,

�3

1.6122 , b.p. 17�/0 .55

5,6-dihyd.ronaphthalene has

nDn .

The ultraviolet spectrum of 2-bromo-

max:iJna

at 263 nr and 304 � with extinction

coefficients of 654o and 790 respectively.
Anal .

Calcd. for C1oH9Br:
Found:

C, 57 . 44; H, 4o34;

c, 57 .33; H, 4.27; Br, 38 . 44 .

Br,

38 . 22

1.51
30 . b&l-Tribromotetral.in
To

an

ice-cold solution of 1 g. (0.0048 ·mole) of 2-bromo-.5,6-di.hy

dronaphthal.ene in 5 ml . of

dey

(0.0048 mole) o.t: bromine in 1.5

ether was added in the dark 0 . 72 g.

ml .

of ether. The ether was evaporated

and the crystalline residue was recrystallized twice from hexance to
give white cubes, m.p. 76-78°, of 1,2,7-tribromotetral.in.
�· Calcd. for C1oH9Br3 :
Found:

c,

c,

32 .56; H, 2 . 46J Br, 64.99.
•

32 .83; H, 2 .66J

Br,

64 .53 .
•

31. 2,§.-Dihzdro-!-naphthoic Acid (XCIV)
A 250-ml . , three-necked, round-bottomed flask containing 1.7 g.

(0.070 mole) of

magnesium

turnings and equipped with magnetic stirrer,

dropping funnel and reflux condenser was placed under a head of nitrogen
and named to remove moistllre . A solution of 10 g. (o.o48 mole) of 2bromo-.5, 6-dihydronaphthalene and 3 g. (0.021 mole) of methyl iodide in
100 ml . of
addition

dry

was

ether was added dropwise to the flask with stirring. When

complete the reaction mixture was refluxed for forty-five

minutes and then poured onto powdered

Dry

Ice in 100

ml.

of dry ether.

The Dry Ice was allowed to evaporate and the ether solution was shaken
with 6o ml . of 10 per cent hydrochloric acid. The ether solution was
extracted twice with aqueous potassium hydroxide . The potassium hydrox
ide solution was
and

warme

d to expel ether, treated with norite, filtered

acidified with hydrochloric acid. The white precipitate of .5,6-di

hydro-2-naphthoic acid was collected on a Biiohner funnel, washed with
water and. dried. The yield was 2 .6 g. or 31 per cent of the theoretical
yield. The crude material was dissolved in hot benzene-hexane, treated
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with norite, filtered and cooled to give 5, 6-dihydro-2-naphthoic aaid
as white needles which sublime at 120° and melt 136-137° . Evaporation
of the original extracted ethereal reaction solution yielded 3 . 7 g. of
recovered 2-bromo-5, 6-dibydronaphthalene .

�· Calcd. for C llH1QP 2 : C, 75.84; H, 5.79.
Found: C , 75 .75; H, 6.08 .
32 . !,�-Dibydronaphthalene
To 20 ml. of refiuxi.ng absolute ethanol protected by a calcium
chloride drying tube was added in small pieces 4 g. of potassium. When
the potassium and ethanol had completely reacted, ethanol was distilled
until the temperature of the residual solution reached 14� . To the hot
potassium ethoxide solution was added 15 g. of 1,4-dihydronaphthal.ene
which had been purified via its mercuric acetate derivative . * The re
action mixture was renuxed for sixteen hours, poured into ice-water
and extracted with ether. The ether extract was washed w.lth dilute bydrochloric acid, aqueous sodi.mn bicarbonate solution
over magnesium sulfate and evaporated.
122°/55

JJDil . ,

The

and

water,

dried

residue was distilled, b .p.

to give ll g. of a colorless liquid. The 1,2-dihyd.ronaph

thalene has a

maximum

at 259 mp. with a molar extinction coefficient of

9240. Huckel has reported an extinction coefficient of 9449 at 259 mr .
*Graciously donated

by

H. Secor .

59

1$3
D. Time Duration of Reaction Experiments
1. Determination 2£ � Reaction Times of � Simple Reac�ons in
Liquid Ammo nia
a. Preliminary e?t)?eriments . To 2$ ml. of liquid ammonia in a
Dewar f'lask were added 2 .$0 ml.. of tert;.amyl alcohol and 0. 27 g. of
-

,

potassiwn. When the initial reaction between potassiwn and alcohol
was complete, 1.0 g. of 1-naphthol was added to the nask to give a
solution ot potassium 1-naphthoxide. In another Dewar f'lask o.SS g.
ot potassiwn was dissolved in 2$ ml. ot liquid ammonia. The potassiwn
1-naphthoxide solution was poured into the potassium metal solution.
The time taken for

the

blue color ot the potassiwn to disappear after

addition was complete was measured. Representative times required in
these and the following experiments are given in Table IV.
In other experiments solutions of 2 . $0 ml. . of tert,amyl alcohol
dissolved in 25 ml . ot liquid ammonia were poured into 2$

ml,.

ot ammonia

containing o.SS g. of potassium metal. The time taken tor the disappearance of the blue color was measured.
A final series of

runs

were

made

by pouring solutions ot o.SS g.

ot potassium dissolved in 25 ml. of ammonia into solutions ot 1.5 g.
of potassiwn 1-naphthoxide in 25 ml. of

ammonia.

b . Refined experiments with the small reactor. In order to
maintain a

dry

atmosphere and to obtain more precision an awaratus

(Figure 3) was constructed in which the contents of t"WO compartments
coul.d be forced simul.taneously into a third compartment by nitrogen
pressure. This apparatus was dried, filled with nitrogen and placed in
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an acetone bath (C, Figure 3) maintained at -38°. In one compartment
(A, Figure 3) was placed 12

ml .

of liquid ammonia, 1.0 ml. of tert;-

amyl alcohol and 0.$10 g. of potassium 1-naphthoxide . In another com
partment (A ' , Figure 3) was placed a solution of 0. 23 g. of potassium
in 11

ml .

of liquid aimnonia. The reaction time was taken as the time

required for disappearance of the blue color after the two solutions
were forced through a T-bore stopcock into the third compartment (B,
Figure 3) . Representative times required for this and other experiments
parallel to those described in (�) above are given in Table
c. Refined experiments
actor (Figure 3) identical

w.i.th

w.l. th

IV .

the large reactor. A larger re

the one described in (b ) above was con

structed in which compartments A and A ' could hold 50 ml. of solution.
This apparatus was dried, filled with nitrogen and placed in a liquid
ammonia bath (c, Figure 3) at -33°. In one compartment (A, Figure 3)
was placed 36

ml .

of liquid ammonia, 3.0

ml .

of tert;-amyl alcohol and

1.59 g. of potassium-1-naphtho:x:l.de . In another compartment (A ' Figure
1

3) was placed a solution of o.6B g. of potassium in 36 ml . of liquid
ammonia. The reaction time was taken as the time required for disappear
ance of the blue color after the two solutions were forced through a T
bore stopcock into a third compartment (B, Figure 3) . The effect of ad
ditives such as ether, water and alko:xide ion and of a different alcohol,
ethanol, on the reaction times of this and other reactions parallel to
those described in ( a) above are given in Tables

IV

and V.

2 . Limit of Reaction Time for Potassium .2,,§.-Dihyd.ro-!-naphthoxide
The reduction of the double bond conjugated with the benzene ring
proceeds very rapidly. It was observed that when the potassium-in-ammonia
solutions were mixed with the potassium-5, 6-dfnydro-1-naphthoxide-ethanol
ammonia solutions of the T-bore stopcock (Figure 3) that the blue coloration disappeared when the reaction solution had traveled 12

mm.

through

the tube connecting the stopcock with the middle compartment; (B, Figure
3) . This tube was 2

mm.

in diameter and the total volume of reaction

solution, 80 ml . , traveled through it in six seconds. From these facts
the time required for the disappearance of the blue coloration can be calculated to be approximately 0.003 second.
The reaction time is the time required for the solution to travel
1.2

om.

down the capillary tube.

Volume of capillary tube "' 1.2 x (0.1) 2 x 3.14 0.038 ml .
80 ml. 13 ml./sec .
Flow rate
6 sec .
Volume of capillary tube .,. 0 .038 ml.
Reaction time
13 rril . /sec . ... 0•003 sec .
i'low rate
=

=

a

=

3 . Reaction 2! Potassium .2,,�ihydro-!-naphthoxide � Potassium Super
oxide in Ammonia
A large reactor (Figure 3) with a glass enclosed magnetic stirring

bar in the center compartment (B, Figure 3) was immersed in a liqud ammonia bath. A rapid stream of dry oxygen was passed through a solution of
1.44 g . (0.037 mole) of potassium in 40

rril.

of ammonia in the center com-

partment. Within fifteen minutes a yellow precipitate of potassium
superoxide had formed. A solution of 3 . 2 g. (0.017 mole ) of potassium
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1-naphthoxide and 4 ml. (0.07 mole) o£ absolute ethanol in 40 ml. of
ammonia was added from

arm

A (Figure 3) and the resulting reaction mix

ture was stirred for two hours . The ammonia was allowed to evaporate
and the residue was diluted 'With ice, acidified and extracted with
ether . The ether extract was dried over

ma.gne sium

sulfate and evapo

rated to leave a residue which was vacuum sublimed. The · sublimate was
shown to be starting material, 1-naphthol, by its mel ti.ng point, 9691 0 , and ultraviolet spectrum.
E.

1.

Relative Rate Study

Reduction 2f £-Substituted-dihydronaphthalene With !!! Excess or
Potassium
a. !,£-Dibydronaphthalene . A solution o£ 1.0 g. o£ 1,2-dihydro

naphthalene, 20 ml. of dry ether and 5

ml.

o£ ethanol was dissolved in

100 ml . o£ liquid anunonia in a 200-ml. flask equipped with Dry Ice con
denser and magnetic stirrer. To this solution was added potassium metal
in small portions until the blue coloration persisted for one minute,
about 1 g. being required. Arter the ammonia had evaporated, the resi
due was diluted

vd th

ice-water and extracted with ether . The ether ex

tract was dried over magnesium su1£ate and the ether was evaporated.
The residue from the ether extract was vacuum distilled twice . The
product, tetralin,
at 266.5 mr

and

N�5 1 . 5368,

had an ultraviolet spectrum 'With maxima

273 5 mp with molar extinction coefficients of 103.5 and

900 respectively.

.

b. £-Methoxy-2)�dihyUronaphthalene .

2-Methoxy-5, 6-dihydronaph-

thalene was reduced and worked up in precisely the same manner as de
scribed for 1, 2-dihydronaphthalene in part ( a) above . The product, 6methoxytetralin, Nn 1 5342 , has an ultraviolet spectrum with maxima at
.

279 mp. and 287 . 5 DlJl with molar extinction coefficients of 1870 and 1710
respectively.
c. �-Amino-2)�dihydronaphthalene .

2-Amino-5, 6-dihydro naphthalene

was reduced and worked up in precisely the same manner as described for
1, 2-dihydronaphthalene in part (a) above . The product, 6-ami.notetralin,
m.p. 36-38° J has an ultraviolet spectrum with a
a molar extinction coefficient of 1795

maximum

at 293 mr with

•

.

d. £-Bromo-,2,§-di&dronaphthalene .

2-Bromo-5, 6-dihydronaphthalene

was reduced and worked up in precisely the same

1,2-d:i.hydronaphthalene in part (a) above.
that there was
1.5332, has

no

manne

r as described for

An

elemental analysis showed
bromine in the product . The product, tetralin, Nrl6

maxima

at 266.5 mp and 274 mr·

e. £-Chloro-Z,�dihydronaphthalene .

2-Chloro-5, 6-dihydronaph-

thalene was reduced and worked up in precisely the same manner as de
scribed for 1,2-dihyd.ronaphthalene in part (a) above .

An

elemental

analysis showed that there was no bromine in the product . The produc.t,
tetralin, N64 1.5313, has maxima at 266.5 mp. and 274 Bifl•
2 . Reduction of the .£-HalodihyUronaphtbalene � !.

L1mited

Amount of

Potassium
a. �-Bromo-Z,�dihydronaphthalene . To a solution of 2 .10
(0.01 mole) of 2-bromo-5,6-dihydronaphthalene, 10 ml . of

dry

g.

ether and
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2 ml. of absolute ethanol in 100 ml. of ammonia in a 200-ml. nask
equipped with magnetic stirrer and

Dry

Ice condenser was added 0.80 g.

(0.02 mole) of potassium. After the ammonia had evaporated, the residue was diluted with ice-water and extracted with ether . The ether
extract was dried over magnesium sulfate and the ether was evaporated.
The residue from the ether extract was vacuum distilled twice .

An

elemental analysis showed that the product contained 14.5 per cent
bromine which corresponds to 72 per cent reduction of the nuclear bromine .
b. £-Chloro-,2, �d.ihyd.ronaphthalene .

2-Chloro-5 , 6-dihydronaph

thalene (1.65 g. , 0.01 mole) was reduced and worked up in precisely the
same

er as described for 2-bromo-5,6-dihydronaphthalene in part ( a)

mann

above.

An

elemental analysis showed that the product contained 10.1

per cent chlorine which corresponds to 41 per cent reduction of the
nuclear chlorine .
3. Relative � Experiments

A large reactor of the type depicted in Figure 3 was constructed
in which compartments A and A 1 would hold up to 5o ml . of solution and
compartment B up to 100 ml.. A typical run was made in the following
er.

mann

dry

The

reactor was cleaned, dried, and heated in an oven to 90° J

nitrogen was then passed through it while it was cooling. When it

had cooled to room temperature it was immersed in liquid ammonia and
30 ml. of ammonia was condensed into each of

To the ammonia solution in

arm

arms

A and A • (Figure 3) .

A was added 10 ml . of dry ether and 16o

mg.

( 4.0 m. mole) of potassium wire. To the other

was

added 2 ml. (34 m. mole) of absolute ethanol and 140

arm

(A • , Figure 3)
mg.

(3 . 5 m.
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mole) of potassium wire.
in
mg .

arm

When the reaction of the pot assium and ethanol

A ' was c omplete, to it was added a s olution of' approximately 400

each ( ca. 3 m . mole) of 5, 6-dihydro-1-naphthol and a 2-substituted-

5, 6-dihydronaphthal.one in 10 ml . of dry ether .

Both ammonia solutions

were stirred and then forced through the "T-bore " stopcock into the
center compartment (B, Figure 3) by a pressure of nitro gen.

The reaction

was over almost immediately and the reaction solution was poured into
an

Erlenmeyer flask.

As soon as the ammonia had evaporated 5o ml . of

5 per cent potassium hydroxide solution was added to the residue which
was then extracted twice with ether .

The

c ombined ether extracts were

extracted four times with 5 per cent potassium hydroxide solution.*
The potassium hydroxide extracts were combined, cooled, and acidified
and extracted twice with ether.

There were

now

two ether extracts, one

containing the naphthol and the other containing the 2-substituted-di
hydronaphthalene .

Each extract was heated on the steam bath

of air until the ether was

d.riven

off.

in

a stream

Each residue was carefully dried

and the per cent reduction of each s ample determined by ultraviolet
spectrophotometr.y .
As an example, for one reduction in which the 2-substituted-dihydronaphthalene was the parent compound,l, 2-dihydronaphthal.ene, the
per cent reductions were determined as follows .

A sample of the par-

*Potassium 1-naphthoxi.de can be extracted from a dilute potassium
hydroxide solution with ether . It was therefore not too surprising then
to find that four extractions with dilute aqueous alkali were required
to completely extract the partially reduced 516-dihydro-1-naphthol from
ether solution.

16o
tially reduced 1,2-dihydronaphthalene, isolated as described above,
was found to have a molar extinction coefficient, E, of '1'0 at the
2'9 tnp •

maxima,

The E values for the sample of the 1 , 2-dihydronaph

thalene used in this mrk and for the product, tetralin, at 2'9 D1J1 are
9240 and 400 respectively.
Fraction of 1, 2-dihydronaphthalene remaining

=

476o - 4oo
9240
400
_

=

0.49"• .

The E values for partially reduced ,, 6-dihydro-1-naphthol taken from
the same reaction mixture, ,, 6-dibydro-1-naphthol
at 26'

mu

and

'-hydr�etralin

are 6660, 8010 and 30 respectively.

Fraction of ,, 6-dihydro-1-naphthol remaining

=

666o - 30
30
8010

=

0 . 83'

_

With this data a ratio of rate constants was calculated.

�

log . ( Fraction of 1, 2-dihydror.;.apht-halene remaining)

-

k2

=

log (Fraction of 5,�� 6-dibydro-1-naphthol remaining)

log 0 . 494
log 0.83'

=

1-0 . 694
1-0.922

=

0 . 306
0 . 078

=

3 • 93

Other rate constant ratios were obtained in an analogous

er.

mann

Some difficulties in experimental technique which bad to be overcome were encountered in this work .

The most serious difficulty was an

unequal rate of delivery of solutions from the two side compartments (A
and A 1 ) •

This was usually due to small quantities of solids in or near

the "T-bore11 stopcock.

This trouble was elimi nated from side A1 by add-

ing the organic substrates to it in ether solution.

The difficulty was

alleviated in side A by blocking the constricted b ottom portion of' the
compartment

vdth

a glass rod so that no potassium wire could settle

-
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near the stopcock at which place it dissolved very slowly and left a
smal.1

residue from the original wire ' s surface . The potassium was used

in the form of a calibrated wire so that a� desired weight could be
conveniently obtained by measuring out the correct length. This largely
avoided the fonnation of insoluble oxides through exposure of the potas
sium to the atmosphere in weighing. The weights of potassium obtained
in this

er were accurate w.I.thin 1 per cent.

mann

Some difficulties were also encountered in working up the organic
substrates .

The 5,6-dihydro-1-naphthol was susceptable to dimerization

so that it was necessar.y

to

exercise care in evaporating its ether ex-

tract to dryness in preparing the samples for spectrophotometric analysis .
No precision could be obtained w.i.th 1,2-dihydronaphthalene because the
dihydronaphthalene is noticeably more volatile than tetralin. The analyses varied greatly, depending upon the amount of evaporation of the di
hydronaphthalene Which occurred When the ether solvent was removed. The
results of runs made at the same time under identical conditions agreed
with one another but not with other

rwlB .

Variations in the results

with other less volatile substrates were not too great.
The spectrophotometric analysis could not be applied to the two
halod.ihydronaphthalenes because the halogen was also reduced.

The extent

of double bond reduction in these compounds was estimated from the amount
of alkali metal consumed by them (!_.

_!• ,

total metal consumed in a

run

minus that consumed by the naphthoxide) and an analysis of their residual
halide content. That is, the assumption was made that the metal not consumed by reduction of naphthoxide or halide wa.s consumed by the styrene-
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type double bond.
The rates of reduction of the 2-substituted dihydronaphthalenes
relative to potassium 5, 6-dihydro-1-naphthoxide are tabulated in Table

VI.

CHAPTER IV
SUMMARY

Two lines of evidence were adduced

to

support the electron

addition or "ionic" mechanism (.£_. !· equations, page 19) for the

re

duction of carbon-carbon unsaturation by alkali metal and a.l.oohol in
liquid ammo nia.

First it was shown that the reduction itself is ex-

tremely fast, much faster than the reaction between alkali metal and
alcohol in liquid

ammonia to

produce hydrogen.

The rate of reaction

of the metal w.lth the alcohol was decreased immensely (by adding
alkorlde ion or changing alcohols) w.lthout effecting the rate at which
carbon-carbon unsaturation is reduced.

Secondll competitive reactions

showed that an organic substrate w.lth a net negative charge was reduced
more slowly than were neutral substrates .

These facts were taken as

evidence that the rate-controlling process in the reduction is the
reversible pick up of electrons from the �SK>lvent by" the organic substrate to form carbanions; these then add protons irreversibly.
As a correlary of the above work, the properties of the dibydro
naphthalenes were extensively investigated.

5,8-Dibydro-1-naphthol

and its methyl ether were shown to be isomerized by alkali predominate

ly to the 5, 6-dihydroisomers, although the production of some 7 , 8-di
bydroisomer in the isomerization was demonstrated.
the 5, 6-isomer

was

The structure of

proven by degradation and that of the 7,8-isomer

by both degradation

and synthesis. A logical method of predicting

the direct.ion of isomerization of substituted-5,8-dihydronaphthalenes

164
was presented and the ultraviolet spectra of ortho and � substituted
styrenes were discussed and compared.
Also

as

a oorrelary of this work, a number of organic compounds

were synthesized.

An

unequivocal synthesis of 1-ami.no-7 , 8-di.hydronaph-

thalene was accomplished but the overall yield was small.

No simple

method of producing 1-substituted-dihydronaphthalenes in good yield was
found although several syntheti� schemes were tested.
.

A good, general

· "'

synthesis for 2-substituted-dihydronaphthalenes from a commercially
available compound, 1-tetralone, was devised and exploited .
The following compounds, which have not been previously reported,
were prepared and characterized during the course of this work .
l�ethoxy-5, 6-dihydronaphthalene
1-Methoxy-5, 8-dihydronaphthalene
8 ,8 • -Dimethoxy-1, 2 , 3,4, 3 ' , 4 ' -hexahydro-1, 2 '-binapht�1
1-Acetoxy-5,6-dihydronaphthal.ene
1-Acetoxy-5,8-di.hydronaphthalene
1-Hydroxy-2 ,5-dibromo-8-methoxytetralin
2,8-Dimethoxy-1-hydroxy-5-bromotetralin
2 ,5-Dibromo-8-methoxy-1-tetralone
1» 8-Dimethoxy-4-bromonaphthalene
cis-1,2-Dibydroxy-5-methoxytetral.in
2-(2-Methoxy-6-carboxyphenyl) -propanoic Acid
Methy1-2- (2-methoxy-6-carbomethoxyphenyl) -propanoate
Lactone of 3-( 2-Hydroxy-6-carboxypheny1) -propanoic Acid
Lactone of 3-(2-Hydroxy-6-oarbomethoxypheny1) -propanoic Acid
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5-MethoXy-2-bydroxytetralin

5-Methoxy-2-benzoxytetralin

1�ethoxy-7,8-dihydronaphthalene
116-bis-Methoxy.methoxynaphthalene

5-Methoxymethoxy-2-tetralone
5-Hydroxy-2-tetralone
2 , 5-Dihydroxytetralin

7,8-Dihydro-1-naphtho1

1,4-Dihydro-2-methoxy-5-naphtby1amine Hydrochloride

1,4-Dihydro-5-acetami.do-2-methoxynaphthalene
5-Acetamido-2-tetralone
5-Acetamido-2-hydroxytetralin
7,8-Dibydro-1-aminonaphthalene
7,8-Dihydro-1-acetamidonaphthalene

1-Hydroxy-5-nitrotetralin
1-Chloro-5-nitrotetralin

6,61 -Dinitro-11 2 13,4,11 , 2 1 ,3 1 ,41 -octahydro-1111 -binaphtby1
6-Amino-1-tetralone

1-Hydroxy-7-aminotetralin
1-Acetoxy-7-acetamidotetralin

2-Amino-5,6-dibydronaphthalene

2-Acetami.do-51 6-dihydronaphthalene
l-Metby1ene-6-aminoindane or 3-Jletby1-5-aminoindene

1-Metbylene-6-acetamidoindane or 3-Methy1-5-acetami.doindene
2-N,N-Dimethy1amino-5, 6-dihydronaphthalene

2-Hydroxy-5, 6-dibydronaphthalene
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1-Hydroxy-7-methoxytetralin
2-Methoxy-516-dihydronaphthalene
1-HYUroxy-7-ohlorotetralin
Pheny1urethan of 1-hydroxy-7-ohlorotetralin
2-Chl.oro-5 1 6-dihydronaphthalene
1-Hydroxy-7-bromotetralin
Pheny1urethan of 1-Hyd.ro::x:y-7-bromotetralin
.·

1, 2 , 7-Tribromotetralin
5,6-Dibydro-2-naphthoio Acid
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